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Abstract 
The draft genomic sequences of both japonica and indica subspecies of rice {Oryza 
saliva) are now completed and annotation of these sequences is in progress. Analysis 
of the rice genomic sequences can provide useful genetic information related to rice 
cultivation, maturation, yield, quality, disease resistance, and stress tolerance. 
Complementary DNAs derived from mRNA provide an invaluable resource for 
annotation of the rice genomic sequences and for analysis of gene expression 
associated with specific tissues or growth conditions. 
Hybrid rice supplies half of the rice grains consumed in China. The molecular events 
resulting from gene expression during hybrid rice seed formation are thus crucial 
information for further rice improvement. To study the genes expressed in super 
hybrid rice seeds, we generated a set of EST data by sequencing two cDNA libraries 
constructed from the developing seeds (3，6，10，15 20 DAF) of super hybrid rice 
(P64S/9311). 
A total of 4,601 cDNAs from the phage library and of 2,625 cDNAs from the E.coli, 
library were successfully sequenced from a single end and then analyzed by different 
bioinformatics tools. BLASTN analysis of our EST collections against the 
RiceBLAST EST database indicated that approximately 20% of our EST collections 
are not represented in this widely recognized database containing 65,513 rice ESTs. 
X 
Categorizing our ESTs according to their potential function revealed a general gene 
expression profile of super hybrid rice seeds. Although many biological questions can 
be probed into with these data, current study mainly focused on the carbon flux from 





PHRAP analysis on the 4,601 ESTs from the phage library revealed that there are 
i 
totally 2,351 unique genes in this EST dataset and the expression patterns of these 
I 
j 
unique genes during super hybrid rice seed development (from 3 DAF to 20 DAF) 
were examined using microarray. Many genes show a bell-shaped expression pattern ： 
with a peak activity mostly at 6 DAF, while some at 10 DAF and, few at 15 DAF. The 
general expression patterns of genes related to storage compounds synthesis have also 
been determined. On the whole, belt-shaped expression pattern appears to be a general 
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1.1 General Introduction 丨 ‘I .t 
！ 
Rice is the stable food for more than half of the world's population. While the h 
cropland is decreasing as a result of industrialization and urbanization, the population 
h 
of the world will increase from about 6.5 billion at the present to 8.5 billion in 2030, 
i 
including 5 billion rice consumers. This severe situation greatly challenges rice h 
1 i 
production. To meet the high demand of rice, agricultural economists estimated that | 
I . 
the actual rice production has to be increased by 40% from present 600 million tons to 
850 million tons in 2030. 
Hybrid rice supplies half of the rice grains consumed in China. The super hybrid rice 
yields 30% higher than the best inbred lines (Yuan, 2004). Due to its high yield ‘ 
characteristic, super hybrid rice can be a very important solution to the potential food 
supply problem in China, even in the world. However, the cooking and eating 
property of hybrid rice requires further improvement. 
The draft genomic sequences of both japonica and indica subspecies of rice {Oryza 
sativa) have been completed. Currently, the International Rice Genome Sequencing 




2002). The China Rice Functional Genomics Program has been initiated to discover 
！ 








gene expression during hybrid rice grain filling can provide crucial information for 丨 
I 
i 
further rice improvement. We therefore initiated a rice functional genomics project on i 
the developing super hybrid rice seeds. I 






In this project, the total RNA extracted from the developing F1 seeds of super hybrid ; 
I. 
I 
rice (9311/P64S) was used as the starting materials to construct cDNA libraries. i 
:! 
More than 7,000 cDNAs have been sequenced and analyzed by a series of j 
I: 
bioinformatic tools. Selected cDNAs have been amplified and spotted onto 
microarrays for profiling the genes expressing in super hybrid rice seeds. There are ：] 
i 
two objectives of this project: i) to contruct technical platforms of rice functional 
genomics on rice grain quality including cDNA library from developing super hybrid ! 
ii ： 
rice seeds for discovering new genes and ii) to obtain detail information on the ； 
regulation of gene expression in super hybrid rice seeds by during maturation, which : 
we believe will offer tremendously help in rice improvement. 
1.2 Literature Review 
1.2.1 Rice as a Model Monocot Cereal 
Among all the cereal plants, rice possesses the following unchallengeable advantages 
I 






1.2.1.1 Genome Size 
The genome size of rice was estimated to be 430 megabase pairs (Mbp) 
(Arumuganathan and Earle, 1991; Sasaki and Burr, 2000), much smaller than those of 
sorghum (1000 Mbp), maize (3000 Mbp), barley (5000 Mbp) and wheat (1600 Mbp), | 
j 
i 
and about 3,5 times that of the Arabidopsis thaliana's genome (The Arabidopsis I 
I 
I 
Genome Initiative, 2000), which makes rice an excellent model for genome | 
sequencing and gene discovery. ！ 




Although the grass genomes indicate a great diversity in the amount of total DNA and : 
I 
I 
chromosome number，it has been revealed that the genomes of grasses including 
i 
wheat, rye, barley, maize, sorghum, millet, and rice, are remarkably similar in terms I 
of extensive conservation of genes and preserved local gene orders, whereas the 
distance between genes is closely related to genome size (Freeling, 2001; Gale and :: 
1； 
Devos，1998; Feuillet and Keller, 1999). The close syiitenic relation between rice * 
genome and the other cereals implies that rice as the model of monocot plant will play 
important role in identification and molecular cloning of orthologous genes and 
facilitating the sequencing of the other cereal genomes (Gale and Devos, 1998). 
( 
Recent research results from shotgun sequencing indicated that synteny between rice ：' 
genome and those of the other cereals is much higher than that of rice with A. thaliana; 
and although more than 80% of A. thaliana predicted genes has a homolog in rice, | 
r 










et al, 2002). The finding again stresses the genetic variation between rice and A. 
i 
f 
thaliana and the necessity of two plant models. 
1.2.1.3 Well-mapped Genome 
Rice genome is well-mapped; more than 6000 molecular markers on the molecular 
i 
I 
map have helped greatly in assigning physical chromosomal maps. There are many ； 
! 
Other genetic resources such as expressed sequence tags (EST), yeast artificial 
1 
chromosome (YAC) libraries, bacterial artificial chromosome (BAC) libraries, 
i 
！ 
providing useful information on rice genome research (Sasaki and Burr, 2000). | 
i I 
1.2.1.4 Amenable to Transformation [ 
I !. 
Although a lot of early success of rice transformation can be crediled to direct I 
gene-delivery methods such as electroporation, polyethylene glycol-mediated transfer ；； 
of genes and microprojectile bombardment, however, various problems have been j 
；| 
f 
reported for these technologies. With the breakthrough of rice transformation via .； 
< 
Agrobacterium tumefaciens, rice has become the easiest cereal plant for gene 
i 
transformation. There are several advantages of the ^graZjac/enww-mediated 
transformation in rice including transferring relatively larger genes with defined ends 
and minimal rearrangements, small copy of insertions into chromosomes and the ； 
i 
production of transgenic rice with high quality and fertility (Hiei et aL, 1997). i 
1.2.2 Rice Genome Sequencing | 
( 
i： 







sequences of both indica and jap mica rice genomes have been achieved through 
whole genome shot gun sequencing approach in April 2002. The indica draft was 
made freely available through internet http://btn.genomics.org.cn:8Q8Q/rice/. while 
that of japonica rice genome is proprietary and available under agreement (Goff et al., 




relatively lower sequence quality，many gaps, and most segments are not in 
! 
I 
accordance with the genetic map. There are more to be done concerning gene function 
) i 
determination which is highly dependent on the availability of a high quality sequnce. 
The International Rice Genome Sequencing Project (IRGSP), a long running program 
coordinated by the Japan Rice Genome Project, was initiated in 1997 to completely 
and accurately sequence the rice genome through a map base sequencing strategy. 
i I 
This project involved publicly funded libraries from 10 countries and regions. Under 
I'j 
the agreement, Japan took the responsibility of sequencing half of the rice genome |: 
including chromosomes 1，2, 6, 7，8 and 9; rice chromosomes 3, 10 and 11 were to be 丨' 
i, 
sequenced by the USA; China and Taiwan saw to chromosomes 4 and 5, respectively; ‘ 
i 
i 
France was responsible for chromosome 12 and a duplicate region in chromosome 11; \ 
while other countries including Korea, India, Brazil, Thailand and U.K. shared a small 
part of chromosomes 1，2, 9 and 11. The rice chromosomes 1 and 4 have been 
finished in 2002 by Japanese and Chinese scientist group, respectively (Sasaki et al., | 
2002; Feng et al, 2002); and rice chromosome 10 has been finished in 2003 by the | 
i • 
US Rice Genome Sequencing Consortium (Rice Chromosome 10 Sequencing 
[ 







high quality draft sequence of the rice genome except for 88 gaps and the telomere 
regions. A total of 62,435 genes were predicted by an automated prediction program 
RiceGAAS Rice Genome Automated Annotation System, 
http://RiceGAAS.dna.afTrc.go.ip) based on the 366 Mb non-overlapping nucleotide 
sequences (International Rice Genome Sequencing Program, 2002). Until now, the 
IRGSP has been reaching its successful end and the future work includes filing gaps 
and accurate assembly of these available sequences. 
1.2.3 Rice Functional Genomics 
1.2.3.1 International Collaboration on Rice Functional Genomics 
Although the available accurate genome sequences provide us much valuable 
information on global comprehension of the rice genome, the predicted results may be 
overestimated due to the limitations of the automated prediction program and may be 
greatly different when the sequencing is completely finished. Also, the information 
based on computational analyses are not sufficient to define gene function and 
experimental confirmation is required (Bouchez and Hofte, 1998). Therefore, the 
most important part of a gene, the functional group, is to be elucidated and verified 
functionally in post-sequencing stage. Rice functional genomics was initiated for such 
purpose in many countries in the past few years. The international collaboration in 
rice functional genomics, however, is not yet as prosperous and well-defined as in rice 
genome sequencing. The International Rice Research Institute (IRRI) has been a great 
supporter of the International Rice Functional Genomics Consortium (IRFGC), which 
6 
evolved as the successor to the International Rice Functional Genomics Working 
Group (Fischer et al., 2000). The IRFGC comprises of members from 11 countries, 
regions, unions and institutes and serves as a platform for information communication, 
materials and technology sharing and database integration. It is expected that in the 
coming future an international program for rice functional genomics will be initiated 
with much more detailed and defined assignments. 
1.2.3.2 Recent Progress on Rice Functional Genomics in China 
A strong commitment has been made on rice functional genomics by several countries 
including China, Korea and Japan. Korea and Japan mainly concentrated on the I 
i 
development of rice functional genomics tools and the identification of genes with 
i 
！ 
significant agronomic traits, whereas the other countries, such as the United States, 
France，Australia, also have their own rice functional genomics programs with I 
j 
different emphases. Rice functional genomics research in China can be divided into 3 
！ 
1 
parts: technical platform development, functional genomics of important agronomic j 丨 
traits and molecular cloning of functional genes. The former one comprises of 3 
subcategories: collection and characterization of rice mutants, expression profiling of 
the entire genome and isolation of full-length cDNA. Till now, the Chinese scientist 
I 
group has achieved great progress on rice functional genomics. Nine hundred rice '' 
genes have been cloned, 90 of them were functionally determined, with 12 identified 
to be very important for further rice improvement (Zhang, 2003). For example, a rice i 
gene called Monoculml {MOCI) has been cloned recently. The mutants of mod have ； 
7 
A 
only a main culm without any tillers due to the deficiency in the formation of tiller 
buds. Further analysis indicated that the product of MOCl is a putative GRAS family 
nuclear protein which mainly expresses in the axillary buds and functions to initiate 
axillary buds and to promote their outgrowth (Li et al,, 2003). More than 110,000 
ESTs from different libraries of indica rice tissues under normal or stressed conditions 
have been sequenced and over 12,000 unique ESTs selected from the above EST set 
have been used as probes to construct a cDNA chip for gene expression profiling of 
different biological interests. Rice varieties with improved traits are being produced 
and under test by a robust transformation technology and controllable expression 
system, which can be demonstrated by transformation of an antisense waxy gene into 
rice resulting in lower amylase content, improved quality and stable inheritance (Liu 
et al., 2003). In addition, a shuttle binary vector system has been developed to transfer 
up to 10 genes simultaneously and stably into rice (Lin et al, 2003). In terms of 
bioinformatics, some effective bioinformatics tools for data analysis and management 
are also under development while an integrated database has been constructed for the 
rice gene information generated by the program or from worldwide related projects. 
This database can be assessed at the website http://www.rifgp.ac.cn (Xue et al., 2003). 
1.2.4 Large-scale Expressed Sequence Tag (EST) Analysis 
1.2.4.1 Introduction 
Transcript profiling techniques such as Northern blotting, RNA dot blotting, RT-PCR, 
SI nuclease analysis and in situ hybridization have been proved to have good 
8 
sensitivities but are time-consuming; therefore, they are dominant in small-scale and 
in-depth analysis of a small number of genes. However, owning to the breakthrough 
and well-establishment of high-thoughput nucleotide sequencing technology and 
automated genetic analysis instruments, transcript profiling has been promoted to a 
new era. The techniques such as large-scale EST sequencing, Serial analysis of gene 
expression (SAGE) and Massive Parallel Signature Sequencing (MPSS) have 
emerged in the past ten years and are becoming more and more popular in dealing 
with genome-wide transcript profiling, allowing a global view of gene expression, 
although they are recognized as relatively poor in sensitivity (Donson et al., 2002). 
Large-scale analysis of the sequences derived from single-pass sequencing of cDNAs， 
known as EST, has been underway in many countries for broad varieties of organisms. 
Homo sapiens, as the most complicated species in the world, has attracted much 
attention on this issue. The human EST sequencing project was initiated in 1991 
(Adams et al.’ 1991) and tremendous amount of human cDNA data has been 
accumulated and analyzed (Adams et aL, 1995). More and more ESTs from other | 
t 
organisms have been generated and submitted to GenBank dbEST (Boguski et al., 
1993). As of May 2004，a total of 20,966,883 ESTs from 678 species registered in : 
the GenBank dbEST (http://www.ncbi.nlm.nih.gov/dbEST/dbEST summary.html), 
f 
among which the ESTs generated from various human genome projects are the most, | 
I 
followed by those from the mouse (Figure 1-1). In higher plants, major efforts have | 
i 
been invested in A. thaliana (Hofte et al” 1993; Newman et al., 1994; Cooke et al, • 
9 i 
I t I 
\ 
\ 
1996) and rice {Oryza sativa) (Yamamoto and Sasaki, 1997). Large EST collections 
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Figure 1-1 dbEST Release Summary by Organism - May 2004. I 
The numbers of ESTs registered in NCBI GenBaiik dbEST as of May 7山， 












1.2.4.2 Large-scale EST Analysis vs. SAGE and MPSS: Advantages and 
Shortcomings 
ESTs generated from single-pass sequencing of cDNA fragments have displayed great 
power in the discovery of new genes (Cooke et al., 1996). Large-scale EST analyses, 
furthermore, have several great advantages in genome research. Computational and 
statistical data from large-scale EST analyses have provided invaluable information in 
the annotation of genomic sequences and the assessment of gene expression patterns 
associated with respective tissues or growth conditions (Newman et al., 1994; 
Rounsley et al, 1996; Cooke et al.’ 1996). On the other hand, large amount of ESTs 
as one of the resources of genetic markers plays an important role in physical 
mapping. Numerous ESTs have not only been used on RFLP linkage maps (Kurata et 
al., 1994), but also for construction of physical maps of chromosomes (Zhao et al, 
2002; Sasaki et al, 2002). In addition, it was reported that a comprehensive rice 
transcript map based on YAC were constructed with 6591 EST sites and covered 
88.8% of rice genome (Wu et al., 2002). 
In spite of the above advantages of large-scale EST analysis, it is considered to be 
relatively time-consuming and quite expensive especially when meeting the statistical 
significance. The invention of SAGE successfully addresses this problem. By 
. concatenation and punctuation of multiple sequence tags of 9-10 bp, SAGE allows 
efficient analysis of multiple tags successively when sequencing a single clone; hence, 
it not only greatly reduces the cost of sequencing but also achieved a highly accurate, 
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quantitative analysis of the expression patterns of thousands of genes at a time 
(Velculescu et al., 1995). The applications of SAGE on yeast transcriptome profiling 
and identification of differentially expressed transcripts in human normal and cancer 
cells have demonstrated its power of quantitative analysis of global gene expression in 
transcript profiling (Velculescu et al., 1997; Zhang et aL, 1997). However, a large 
EST database is a prerequisite for the meaningful application of the SAGE, since the 
annotation of the SAGE data is definitely based on the available EST databases 
(Matsumura et al., 1999). In addition, the further characterization of those tags with 
no significant homology to the existing ESTs is greatly limited by the short length of 
the SAGE tags (Velculescu et al., 1997; Zhang et aL, 1997). For the same reason, 
there will be redundancy matches of ESTs with certain SAGE tags, making it difficult 
to identify the correct sequences represented by the SAGE tags (Chen et al., 2000). 
MPSS, developed at Lynx Therapeutics, Inc., California, was the first DNA 
sequencing method that does not require the separation of DNA fragments and 
possesses the highest efficiency among the three methods compared in the 
sub-caption. This method is based on in vitro cloning of millions of cDNA fragments 
on microbeads of 5 um diameter from an mRNA pool. For the construction of the 
microbead library, a collection of difined set of 4-mer oligonucleotide tags was 
synthesized to such a large amount that makes virtually every transcript in the mRNA 
sample has a unique tag attach to. These conjugates are then amplified by PGR, 
denatured to single strand and then hybridized to anti-tag sequences on specific 
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separated microbeads. Eventually, every microbead obtains a population of about 
100,000 identical copies of a cDNA molecule. The cDNA fragments on each 
microbead are then sequenced in a flow cell simultaneously by a fluorescence-based 
sequencing method without the separation of DNA fragments. Sequences of 16-20bp 
of each cDNA molecule are routinely obtained by repeated cycles of enzymatic 
digestion with a type II restriction endonuclease, adaptor ligation and sequence 
identification by encoded hybridization probes (Brenner et al., 2000b; Brenner et al, 
2000a). The accuracy of this approach was verified by the comparison of the analysis 
results on gene expression of 1,619,000 signature and 1,839 ESTs from the cDNA 
library of human cell line THP-1 (Brenner et al., 2000a). The significance of MPSS 
exists in its remarkable sequencing speed enabling the generation of millions of 
signature in a relatively short period, the statistical accuracy of data analysis and ease 
of rare mRNA discovery due to its large sampling and redundancy. However, MPSS 
brings forward very high demand for extensive automation of equipment which limits 
its wide application to the scientific laboratories (Donson et al., 2002). 
Based on the above analysis and considering the availability of facilities, Large-scale 
EST sequencing was selected for this study. 
1.2.4.3 Large-scale Rice EST analysis 
A large portion of the rice EST collection in the dbEST mainly comes from the data 
release of large-scale EST analysis by the Rice Genome Research Program of Japan 
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from September 1991 (Sasaki et al., 1996; Yamamoto and Sasaki, 1997). China and 
Korea also commenced such large-scale EST project later on. In 1994, it was reported 
that random sequencing of 2,778 cDNA clones from a library of rice callus treated 
with 1 p.p.m. of 2,4-dichlorophenoxyacetic acid in the medium generated 2,259 
non-redundant ESTs (Sasaki et al., 1994). After that, more and more reports on rice 
large-scale analysis emerged and the scale of the analysis was getting larger and larger. 
In 1997，more than 29,000 cDNA clones derived from different tissues and calluses in 
rice had been isolated and sequenced by the Rice Genome Research Program of Japan. 
And 27,428 clones from this collection were grouped together based on their 
nucleotide sequence similarity and finally assigned into around 10,000 independent 
groups. This result suggested around one half to one third of rice expressed genes had 
already been obtained (Yamamoto and Sasaki, 1997). Two years later, it was reported 
that the computer analysis of the available rice EST data in the dbEST had been used 
as partial evidence for correlated gene expression patterns across different tissues and 
calli. In the study, tissue types and organs could be classified according to their global 
gene expression patterns and genes with similar function and cDNA libraries expected 
to share gene expression pattern were found to be in the same group (Ewing et al,, 
1999). The redundancy of the abundant ESTs increases the cost of discovering the 
relatively rare genes and greatly wastes human efforts and resources. It was reported 
that 10,750 cDNA clones from a normalized whole-life-cycle cDNA library of rice 
were sequenced, which resulted in 6,399 unique ESTs indicating a high 
non-redundancy of about 59.5% (Chu et al, 2003). Recently, the release, annotation 
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and mapping of 28,469 rice full-length cDNA sequences to rice genomic sequences 
has provided direct information on the rice protein function determination and 
transcription units (Kikuchi et al., 2003). This large collection of flill-length cDNAs is 
an invaluable resource for rice functional genomics and proteomics. 
1.2.4.4 Seed Specific Large-scale EST Analysis 
Tissue specific large-scale EST analysis has been proved to be a very good source for 
cloning of genes of low expression levels such as enzymes of specific biochemical 
pathway, particularly when the tissue has high enzyme activity of the desired enzyme 
(Allona et al., 1998; Sterky et al., 1998). Seed is a very important organ in plants 
containing essential genetic information for the morphogenetic processes of plant. 
Seeds of different species of plants vary diversely in their composition of storage 
compounds. Its germination and maturation are associated with complicated 
metabolism and accumulation of various storage compounds. In rice, seed is the only 
part consumed by human. However, to date, there is no large-scale EST analysis on 
global gene expression in developing rice seeds. Similar researches on the developing 
castor and Arabidopsis seeds have been reported in 1995 and 2000，respectively. Both 
researches mainly focus on the biosynthetic pathway of lipid which is the major 
storage compound of the seeds of these two species and aim at finding genes encoding 
enzymes in this pathway or in its regulation. For this clear purpose, single random 
sequencing is no more applicable and a supplementary step of screening before 
sequencing is required. In the research on developing castor seed, differential 
16 
A 
screening included the leaf mRNA, storage proteins and some highly abundant mRNA 
species from developing castor seeds. To enrich the lipid synthesis related cDNAs, 
some clones were immunologically identified with antibodies raised against partially 
purified endoplasmic reticulum membranes. This research resulted in 743 sequenced 
clones among which, 49% from differential screen and 71% from immunological 
detection were functionally identified (Van De Loo et al., 1995). For the Arabidopsis 
study, probes representing storage protein genes were hybridized to a set of arrayed 
clones and those giving negative signals were sequenced and analyzed. Further 
additional abundant genes found were probed to screen another set of arrayed clones. 
Totally 10,522 clones were sequenced, submitted to NCBI for BLASTX searches and 
assigned into 33 categories according to their predicted functions. Two categories 
including "non-significant homology" (NSH) and "unidentified function" (UF) 
represented approximately 40% of the whole EST collection. The "storage protein" 
group also had a considerable number (14.4%) of ESTs. Totally about 5800 unique 
genes were represented by this EST set based on the contig analysis result. And ESTs 
representing the enzymes involved in the pathway of the conversion for sucrose to 
fatty acids were analyzed with emphasis (White et ai, 2000). These EST data have 
become a great reference source for studying the metabolism in the developing rice 
seed by large-scale EST analysis. 
1.2.4.5 Bioinformatics Tools Involved 
Phred is a base calling program designed for automated sequencer tracers. Phred calls 
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bases from the raw data in the SCF, ABI and ESD formats, assigns quality value to 
bases called and then writes them into output files. The output file could be either in 
FASTA format or SCF format. 
A four-phase procedure is used to determine a sequence of base calls by Phred. First, 
based on the fact that most of the fragments are locally, evenly distributed on the gel, 
the numbers of bases and their idealized locations are then predicted. Next, phred 
examines the centers of the actual peaks and their areas relative to their neighbors. 
The peaks are then identified in the trace. In the third phrase, the observed peaks are 
matched to the predicted peaks with some omission or splitting by a dynamic 
programming algorithm. An ordered list of those matched observed peaks in this step 
constitutes a basic read for a trace. Finally the unmatched observed peaks are 
reexamined for any possible insertion into the basic read to finish the final read. It has 
been proved that compared with the ABI base call program, phred performs better 
with improved accuracy. 
The quality value (QV) for each base called is related to the base call error probability, 
which is determined by the following formula: 
QV = - 1 0 * L g Pe 
where Pe is the probability that the base call is an error. 
The quality value would be used by the Phrap sequence assembly program to increase 
the assembly accuracy (Ewing et al, 1998; Ewing and Green, 1998). 
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The phd output file from phred has the following contents: bases called, quality value 
for each base and the base call trace location. Each phd file corresponds to one 
specific calling or sequence. Phd2fasta, distributed with Phred, is used to read the phd 
files for each sequence and write the reads and their corresponding quality values into 
one single FASTA file, which will be used in the Phrap as input files 
(http://bldg6.arsusda.gov/mtucker/Public/Consed/phd2fasta.html). 
BLASTCL3 is a BLAST (Altschul et al, 1990) 2.0 network client for batch 
sequences BLAST search. This program allows the submission of a single file 
containing multiple sequences in FASTA format over the internet to the NCBI BLAST 
databases without the need of downloading the database locally. 
Phrap is a program for assembling shotgun DNA sequencing data, but it is also 
suitable for assembling ESTs as proved (White et al, 2000). Phrap compares the 
sequences in FASTA format in a single file generated from Phd2fasta to each other 
and then, with their corresponding quality values as reference to improve assembly 
accuracy, assembles those sequences with significant homology into the same contig 
while leaving the others as singletons. 
Many other multiple-sequence alignment programs are capable of such kind of 
analysis, such as Clustal W. The problem with it is that one need to know in advance 
1 9 
what sequences to use. Phrap allows us to group and align all sequences in one run. 
Although not perfect, it is helpful in reducing the redundancy in the dataset and giving 
us a count of the number of hits for each 'gene'. 
The common sequences in those EST sequences including vector sequences definitely 
cause trouble to the correct assembly of them. Cross_niatch, an efficient 
implementation of the Smith-Waterman algorithm is used to compare any two sets of 
DNA sequences. It can be used to mask the vector sequences by comparing a set of 
reads with a set of vector sequences and then producing a vector-masked reads 
(http://www.phrap.org/phrap.docs/phrap.html). 
1.2.5 Profiling Gene Expression using cDNA Microarray 
1.2.5.1 Introduction 
Microarray techonology has been rapidly developed to an indispensable research 
method for gene expression profiling and mutation analysis since its first emergence. 
To describe the microarray technology in a word, "reverse northern" is the most 
appropriate candidate, whereby amplified cDNA fragments or synthesized 
oligonucleotides are spotted on a solid, smooth surface and hybridized to 
fluorescence-labeled cDNA samples converted from niRNAs of different treatments. 
The fluorescence signal for each spot on the array can be individually quantitated and 
reflects the relative abundance of the corresponding mRNA in the total mRNA pool 
(Bouchez and Hofte, 1998). Such system is ratio-based, since the two cDNA samples 
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are hybridized in parallel and the retrieved results are the ratios of the two 
fluorescence intensity for each spot, which eliminates the variability from array 
fabrication and hybridization. However, sometimes for those low abundant transcripts, 
the credibility of the ratio is doubted (Desprez et al., 1998). This problem can be 
addressed by incorporating some dosage control to obtain the absolute quantification 
of the mRNA level. 
Generally speaking, there are two kinds of microarrays when categorized according to 
the construction methods and the sources of the genetic materials on them. The 
oligonucleotide arrays, or gene-chip, are produced by synthesizing oligonucleotides 
on the surface of the solid matrix using a combination of photolithography and 
oligonucleotide chemistry to control the construction of correct sequences (Lockhart 
et al,, 1996). With the development of oligonucleotide synthesis and the release and 
annotation of whole genome sequences of many organisms, this technology has 
become a very useful method for a genome-wide gene expression profiling. The 
construction and application of oligonucleotide arrays on human (Shoemaker et al., 
2001)，yeast (Cho et aL, 1998)，Arabidopsis (Zhu and Wang, 2000) and rice genome 
demonstrated the coverage and accuracy of this powerful tool. These commercially 
available gene-chips have eliminated the time-consuming, labor-intensive array 
fabrication process and human errors generally occurring in the clone tracking process. 
Furthermore, it is very easy to normalize and interrogate the standardized data 
produced by the gene-chips (Zhu and Wang, 2000). On the other hand, the DNAs on 
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the cDNA microarrays, however, are not products manually designed or synthesized 
directly on the array surface but amplified by PCR from cDNAs and trimly spotted by 
some kind of robotics (Schena et al., 1995). In spite of the tedious fabrication process 
of cDNA microarrays, large scale EST sequencing is always reasonably followed by 
cDNA microarray analysis for more insightful results on gene expression profiling 
because of the readiness of PCR products of ESTs and the popularity of cDNA 
microarray technology. Rapid accumulation of ESTs and their various sources make 
cDNA microarrays not only suitable for gene expression profiling on a genome-wide 
scale but also for selected gene sets from various organs, tissues or different 
treatments and growth conditions. 
1.2.5.2 Advantages of cDNA Microarray in Gene Expression Profiling 
There are several features of the cDNA microarray technology which make it an 
indispensable research tool for functional genomics study: 
Firstly, the initial establishment for the cDNA microarray technology requires the 
following essential components: chips with a special surface for DNA adhesion, 
spotter for DNA arraying onto the chip, scanner for fluorescence diction and data 
retrieval, and softwares for data processing and mining. In addition to the repetitive 
PCR processes, the capital investment of the cDNA microarray technology is 
relatively high compared to some traditional experiments. However, while this 
technology becoming more and more popular in the research communities and the 
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competition among the commercial suppliers being more and more vehement, the cost 
for those equipments has been brought down greatly and the marginal cost of every 
copy of microarray is decreasing with the number of copies increasing. Therefore, 
cost is not the primary problem for a microarray experiment (Blohm and 
Guiseppi-Elie, 2001). 
Secondly, because spots can be arrayed at a center-to-center distance as close as 150 
jim，it is self-evident that thousands of different cDNA fragments can be spotted onto 
a single slide. This characteristic of large sampling enables us to analyze the complete 
transcriptome of an organism on a single slide in a single experiment. 
Thirdly, it is fast enough to print 150 copies of an array containing 12000 genes 
within one day (DeRisi et al., 1997). Such high speed assures prosperous output of 
genome research via cDNA microarrays. 
Fourthly, when studying the same number of the genes, the requirement for sample 
RNA using cDNA microarrays has been greatly reduced for thousands of folds 
compared with the traditional northern blotting and RT-PCR； because it allows the 
study of thousands of genes simultaneously in a single hybridization which only takes 
as low as 1-2 |ig of sample RNA. 
Finally, the whole process of the experiment is non-toxic, non-radioactive and easily 
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handled, offering a highly convinient operation system. 
1.2.5.3 Profiling Gene Expression by cDNA Microarrays 
Profiling gene expression is the most widely used research application of cDNA 
microarrays. The early cDNA microarray applications, excluding the first publication 
on this issue (Schena et al., 1995), have been mainly concentrated on medical use. It 
has been proved that cDNA microarrays are very helpful in differentiating the cancer 
cells and normal cells (Cole et al., 1999). The 60 cell lines from different human 
tissues or cancer cells used in the National Cancer Institute were analyzed by a cDNA 
microarray containing 9,703 human cDNA probes and revealed distinguishable 
profiles. It has also been demonstrated that cDNA microarrays are even powerful 
enough to distinguish subtypes of cancers including non-Hodgkin's lymphomas 
(Alizadeh et al., 2000) and cutaneous melanoma (Bittner et al., 2000). Many other 
similar researches on human cancer using cDNA microarrays likewise have achieved 
satisfactory results. 
Complementary DNA microarray technology has been under development at a 
remarkable speed since its first emergence and hundreds of research reports have been 
generated by this technology. However, only until year 2001 that there was an 
explosion of plant related microarray studies. Among these, most of them were 
involved in the analysis of Arabidopsis while some reports were on rice, maize, 
strawberry and other plants. 
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The majority of the cDNA microarray analyses on Arabidopsis have been focusing on 
finding the specific gene expression profiles under different treatments or stresses and 
identifying those novel genes that response to the trigger. The probes of the cDNA 
microarrays might come from the whole genome or from a subset of genes judiciously 
selected with distinct aim. For example, 150 cDNAs including those commonly 
studied genes implicated in Arabidopsis defense and some related to inducible 
expression were spotted on the microarray and used to study the timing, dynamics and 
regulation of mechanically wounded and insect-feeding Arabidopsis leaves (Reymond 
et al., 2000). Another set of ESTs derived specifically from developing Arabidopsis 
seeds was microarrayed to identify seed specific genes and study the timing of large 
scale gene expression in the developing seeds (Girke et al., 2000; Ruuska et al, 2002). 
Some studies used full-length cDNA instead of ESTs as probes (Oono et aL, 2003). It 
is easy to isolate full-length cDNA for further functional test using full-length cDNA 
microarray. Meanwhile, when compared with the genomic sequence, the promoter 
sequences and cis-acting element sequences of the full-length cDNAs can be studied 
(Seki et a/., 2001). 
In rice, its productivity attracts much concern. The responses to the common 
environmental stress factors such as drought, high salinity and cold can greatly 
affect crop yield. cDNA microarrays have been used in finding those stress-inducible 
genes in rice (Kawasaki et al, 2001; Rabbani et al., 2003). The molecular mechanism 
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of brassinosteroids and gibberellin regulation during rice seed developing were also 
analyzed by cDNA microarray recently (Yang et al., 2004). In addition, by microarray 
analysis of 8,987 randomly selected ESTs, 259 genes including 5 calcium-dependent 
protein kinases (CDPKs) were reported to show significantly response to the 
N-acetylchitooligosaccharides elicitor in rice (kimoto-Tomiyama et al., 2003). To 
obtain a global expression profile of rice genes, more than 11,000 ESTs corresponding 
to unique genes from Rice Genome Research Program were probed on microarray and 
hybridized to RNA samples from normal tissues and tissues grown under various 
stress conditions. Genes were clustered into groups according to their response to the 
stresses (Kikuchi et al., 2002). 
1.2.5.4 Profiling Seed-specific Gene Expression 
Seeds of different plants vary diversely in the composition of their storage compounds. 
Seeds of most crop plants such as rice, wheat and maize produce starch as the 
dominant storage component whereas some oil seeds contain 40-70% of oil and some 
plants such as legume produce seeds highly in protein. Although the pathways 
responsible for the biosynthesis of the major seed storage compounds in plants have 
been mostly determined, the regulatory factors of these pathways, which may be the 
most important part for explaining the partitioning of those storage compounds in 
various seeds, however, still need further investigation. 
Based on a large EST set generated from developing Arabidopsis seeds (White et al., 
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2000), a cDNA microarray containing over 2,000 genes was constructed to monitor 
the expression patterns of genes involved in the carbohydrate and glycerolipid 
metabolism. Different hybridizations were performed with probes derived from seeds, 
leaves and roots of Arabidopsis. A series of genes such as those encoding storage 
proteins, oleosins, fatty acid elongase and lipoxygenase, which are well known as 
predominantly expressed in seeds were confirmed to be seed specific, while those 
photosynthesis related genes were found to be expressed preferentially in leaves. In 
addition, some other seed-specific genes included 28 cDNAs with homology to 
transcription factors, kinases, phosphortases and proteins were involved in the 
development. These experiments demonstrated a good model for profiling gene 
expression in developing seeds and provided a useful method for the identification of 
tissue-specific genes (Girke et aL, 2000). Another concern on profiling gene 
expression in developing seeds is the changes of gene expression level during seed 
maturation. Nevertheless, from the same set of ESTs from developing Arabidopsis 
seeds, about 6,000 DNA elements representing around 3,500 unique genes were 
arrayed to address this question in developing Arabidopsis seeds. The period between 
5 to 13 days after flowering (DAF) was divided into 6 stages. The middle stage was 
used as reference to compare with the other stages by the microarray for a relative 
expression level. Relative expression patterns for each spots on the microarray were 
then obtained. Emphases were lay on the genes involved in the biosynthesis of major 
storage compounds in developing Arabidopsis seeds. The starch synthesis related 
genes are very active in the early stage of the development and then decrease; the 
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fatty acid synthesis related genes indicates a belt-shaped expression pattern with a 
peak at 11 DAF, while the storage protein shows a later-stronger curve. These data 
were explained by the author that the young Arabidopsis seeds transiently accumulate 
starch, which later will be used as the carbon source for protein and fatty acid 
synthesis. Different expression patterns of storage compound genes suggested that 
different control networks separately regulate these pathways. Some putative 
transcription factors and protein phosphotases or kinases that have not been studied 
previously were thought to be candidates of the regulatory factors of these networks. 
This paper also described another comparison of gene expression between the normal 
Arabidopsis seeds and the Arabidopsis mutant wrtl, which were characterized by an 
80% decrease in seed oil content. Very strangely, only 1% of the genes showed 
significant changes (2 fold) and most of which are those genes involved in the central 
lipid and carbohydrate metabolism. This was explained by the author to be due to the 
downstream response of the disfunction of the WRIl gene (Ruuska et al” 2002). This 
paper has set up a model for the assessment of gene expression profiles in developing 
seeds and provided much first-handed, precious data on this issue. More importantly, 
these data have been given special emphasis on obtaining more insightful clues for 
further understanding of the transcriptional networks that coordinate such patterns. 
As for the rice seeds, of which eating and cooking qualities are believed to be closely 
related to the biosynthesis pathways of the major storage compounds such as starch 
and their regulation process, although many genes involved in these pathways have 
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been identified (Umemoto et al., 1995) and the eating and cooking qualities and 
nutritional value of rice seeds had been improved by manipulation of these pathways 
(Singh et al., 2000; Ye et al., 2000), there is yet a global gene expression analysis on 
the developing rice seeds until last year. Based on the japonica subspecies of rice 
genome sequences and the computational prediction of the genes, as well as reference 
to the rice EST matching data, a 25-mer oligonucleotide array containing 21,000 rice 
genes were constructed and then hybridized to 33 rice samples including various 
tissues and 17 from different developing stages during rice grain filling. A total of 269 
genes were showed to share the same expression pattern that increase synchronously 
during rice grain filling. Among these 269 genes, the biggest portion, about 1/4，were 
assigned to genes with unknown or unidentified functions. Those genes involved in 
biosynthesis of starch, storage proteins and lipid, the three major storage compounds 
in rice seeds, were the second most. Some transporters, interestingly, were also 
abundant, indicating active transportation of the substrates or intermediates of those 
biosynthetic pathways. Further analysis on the promoter sequences of those 269 genes 
revealed that a common promoter element, AACA, was shared by the group of genes 
with statistical significance. A group of transcription factors was identified to be 
potentially interactive with that element by expression pattern analysis (Zhu et al., 
2003). 
The work of Zhu et al, (2003) was the first publication addressing the gene 
expression profiling in developing rice seeds. Compared with the one concerning gene 
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expression profiles in developing Arabidopsis seeds (Ruuska et al” 2002), the rice 
study showed much more insight into the regulatory factors controlling the 
biosynthetic pathways and the partitioning of those storage compounds by not only 
identifying the transcription factors but also the reacting elements in promoter 
sequences. As in Arabidopsis seeds, a lot of genes preferentially expressed in rice 
seeds have not yet been identified. Therefore, efforts in the future should move on to 
other means such as mutant collection or functional cloning. In this case, a cDNA 
microarray may be better than the oligonucleotide array, because it is much easier 
from the EST to obtain a full-length cDNA. From the Arabidopsis and rice developing 
seed, it is not difficult to notice that in the seeds of these model plants, genes 
preferentially expressed in seeds are those involved in the biosynthetic pathways of 
major storage compounds but the expression levels vary according to species. 
1.2.6 Overview of Current Information on the Biosynthesis and Gene 
Regulation of Major Components during Rice Seed Formation 
The three major forms of storage compounds in mature rice seeds are storage protein, 
starch and lipid, with the approximate weight content of 9.5，>85, and 3% respectively. 
Starch and storage proteins, accounting for 95% of the mature seed weight, thus are 
the major factors affecting the yield and nutritional and eating and cooking qualities 
of rice. 
1.2.6.1 Starch 
Starch, clustering into starch granules within amyloplasts of spherical to ellipsoidal 
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crystal shape, is the most abundant storage compounds in rice endosperm. 
Starch consists of two kinds of components, amylose and amylopectin, both of which 
are high-molecular weight polysaccharides. Amylose is a linear polymer of D-glucose 
units linked by a-l,4-glucosidic bonds. Each polymer chain contains several thousand 
glucose residues. Amylopectin is highly branched, with a-l,4-glucosidic bonds 
joining successive glucose residues to form the backbone and a-l,6-glucosidic bonds 
to link a chain of a-l，4-glucosidic bonds at the branch points occurring every 24 to 30 
residues. Amylase and amylopectin are a mixture in the starch granule but the 
mechanism of their association together in the granule is still not fully clear (Preiss et 
al., 1991). 
The well-recognized pathway of starch synthesis in storage organs including the 
major metabolites and enzymes are shown in figure 1-2. Generally, adenosine 
diphosphate glucose (ADP-G) was produced by adenosine diphosphate glucose 
pyruphosphorylase (AGPase) as the substrate for the synthesis of starch polymers. 
Starch synthase catalyzed the elongation of linear a-1,4 glucosyl chain by adding an 
ADP-G to the nonreducing end of an a-1,4 glucan primer. Amylose is generated by 
the catalytic action of granule-bound starch synthase (GBSS). Meanwhile, the a-1,6 
glucosyl linkages are introduced by the starch branching enzyme (SBE) to join two 
linear chains to generate amylopectin. The starch debranching enzyme (SDE) is 
responsible for removing the surplus branching into the synthesis of amylopectin. 
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The biosynthesis of starch is specific to tissue and subcellular compartment. In seeds, 
starch is a kind of carbohydrate synthesized and stored in amyloplasts for long-term 
use, while in leaf, the fixed carbon dioxide in the photosynthesis during the daytime is 
served as the substrate for starch synthesis and the short-term reserved starch is 
degraded to provide carbon supply for sucrose synthesis, export and respiration during 
the night (Zeeman and Rees，1999). 
It is generally recognized that AGPase is responsible for the the synthesis of 
ADP-glucose in all plant organs. This enzyme consists of large subunits and small 
subunits, which show considerable similarities with distinguished features in their 
primary amino acid sequences (Smith et al, 1997). In rice, the AGPase is a 
heterotetrametric enzyme, composed of two large subunits and two small subunits. 
Each subunit is encoded by a single gene. The small subunits are the functional center 
of the enzyme, which is responsible for the catalytic reaction; while the large subunits 
are small-subunits-based and used to modulate the sensitivity of the small subunits in 
the regulation by Pi and 3-PGA (Fu et al., 1998). 
There are two forms of AGPase, the plastidic form and cytosolic form. In most plants, 
AGPase is regulated positively by 3-phosphoglyceric acid (3-PGA) but negatively by 
Pi (Kleczkowski et al,, 1993; Sikka et al., 2001) ，while the extent of regulation 
differs from organ to organ. In leaf, AGPase are found strickly restricted in the 
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plastids, such as chroloplasts and amyloplasts (Okita et al,, 1979; Kim et al., 2004). 
However, recent studies revealed that in the cereal endosperms including maize, 
barley and rice, AGPase localized in the cytosol shows major activity with a residual 
activity in the amyloplast (Denyer et al., 1996; Sikka et al, 2001; Thorbjornsen et al, 
1996). AGPase plays a very important role in starch biosynthesis pathway in cereal 
seeds. It has been reported that enhancing AGPase activity both in rice and wheat 
endosperms resulted in higher seed yield and total plant biomass (Smidansky et al., 
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Starch synthase (SS) is a very important enzyme in the starch biosynthesis pathway, 
where it catalyzes the chain elongation reaction of the glucan by transferring a 
glucosyl moiety from ADP-glucose to the non-reducing end. In higher plants, there 
are two distinct classes of starch synthase, soluble starch synthase (SSS) which exists 
mainly in the plasma and granule-bound starch synthase (GBSS) which is tightly 
bound to the starch granules. The SSS can be divided into 4 classes, SSSI, SSSII, 
SSSIII and SSSIV, which are encoded by different genes and the number of genes 
encoding these enzymes vary: one for SSSI, SSSI; three for SSSII, namely SSSII-1, 
-2 and - i ; and two for SSSIII, namely SSSIII-1 and -2; two for SSSIV, namely 
SSSIV-J and -2. The temporal expression patterns of these genes during grain filling 
can be assigned into 3 groups including early expressers (SSSII-2, / / / - / ) , late 
expressers (SSSII-S, III-2) and steady expressers {SSSII-2, 111-1，IV-1, IV-2) (Hirose 
and Terao，2004). The activities of them also differ in different plant species and 
tissues (Smith et al, 1997). It was confirmed that the entire carboxyl-terminal region 
of SSSI is a necessity for starch binding, especially for the production of those 
shortest amylopectin chains of 10 glucosyl units or less (Commuri and Keeling, 2001), 
while the SSSII and SSSIII are responsible for the further elongation of the glucan 
chain (Edwards, 1999). Although it is very difficult to determine the role of each SSS 
isoform, it is generally recognized that the functions of SSS isoforms are mainly 
related to the synthesis of amylopectin and they perform uniquely in the determination 
of amylopectin chain lengths (Commuri and Keeling, 2001; Ham et aL, 1998). 
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GBSS, the other class of starch synthase, is encoded by the Mixy (Wx) gene in cereal 
and responsible for the production of amylose. Elimination of this enzyme by 
mutation resulted in the disappearance of amylose in the starch and the reduction of 
its activity by antisense RNA technology also greatly decreased the amylose content 
(Denyer et al., 1995; Martin and Smith, 1995). There are two forms of GBSS, the 
60-kDa GBSSI and 77-kDa GBSSII. In rice, GBSSI is specifically expressed in 
endosperm while GBSSII in leaves. What we call "Wx protein" refers to the GBSSI 
commonly. Researches revealed that the GBSSI activity is proportional to the Wx 
gene dosage linearly, while the relationship between Wx gene dosage and amylase 
content is not the same case, which implies that there maybe some other factors 
affecting amylose synthesis except GBSSI (Fujita et al., 2001; Tsai, 1974). It was 
found that there are two naturally occurring functional alleles of JVx gene, Wx" and 
Wx^, defined according to the amount of Wx protein in rice endorsperm. The activity 
of Wx^ is only 1/10 of Wx^^'s at both protein and mRNA levels (Isshiki et al, 1998). 
The activity variation was found to be in the cleavage of the first intron. Wx" with the 
normal GT sequence at the 5’ splicing site of the first intron easily produces Wx 
transcript at high level while the G to T mutation at the splicing site in Wx'^  results in 
inefficient splicing of intron 1 which leads to very low expression of the Wx gene and 
its product (Hirano et al., 1998). Another research found that the amylose content in 
rice endosperm is positively related to the 2.3kb Wx mRNA but negatively to the 3.3 
kb pre- Wx mRNA, indicating that the amylose synthesis in rice endosperm is 
regulated at posttranscriptional level and the ability of removing the first intron from 
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fVx transcript is very important in the generation of amylose (Wang et al,, 1995b). 
Starch branching enzyme (SBE) is a key enzyme in the starch synthesis pathway 
wihch produces amylopectin polymers in rice endosperm. SBE generates a-1,6 
glucocidic linkage on the elongating amylose chains and transfers the releasing 
reducing ends to C6 hydroxyls to provide additional a-glucan acceptor. SBEs are 
present as multiple isoforms. There are two families of SBE, families A and B. The 
former comprises of SBE II in maize, SBEI in pea, SBE3 and SBE4 in rice while the 
latter consists of SBEI from maize，SBEII from pea and SBEI from rice. Family A 
contains an extra N-terminal sequence which lacks in family B (Baba et al., 1991; 
Salehuzzaman et al., 1992; Fisher et al, 1993; Mizuno et al., 1993; Poulsen and 
Kreiberg, 1993; Burton et al., 1995). In rice, it is generally recognized that there are 3 
isoforms of SBE including SBEI, SBE3 and SBE4 based on their amino acid 
sequences homology, all of which belong to the a-amylase family (Mizuno et al., 
2001). The three SBE isoforms from rice are expressed specifically in different tissues 
and stages and perform distinctly in starch synthesis in terms of substrate affinity. 
Genes encoding for SBE 1 and 4 are expressed in both leaves and developing seeds, 
whereas SBE3 reveals seed-specific expression. In addition, the SBE4 gene begins its 
expression at 3 DAF and reaches the highest level at 5 to 7 DAF, which is earlier than 
that of SBEI and 3. SBEI has a higher affinity to amylose than the branching 
amylopectin and preferably transfers long and intermediate chains. On the contrast, 
SBE3 and SBE4 prefer branching amylopectin and the transfer of short glucose units 
(Mizuno et a/., 2001). 
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1.2.6.2 Storage Proteins 
Storage proteins are one of the major storage compounds in rice endosperm. On the 
basis of their extraction and solubility, storage proteins in rice seeds can be classified 
into four types including: diluted acidic- or alkaline- soluble glutelin, salt-soluble 
globulin, alcohol-soluble prolamin and water-soluble albumin. 
Rice seed storage proteins possess some characteristics as those of other cereals. First, 
they are expressed tissue- and time-specifically at high level and regulated by nutrient. 
A second common property of them is that in mature seeds they all are deposited 
discretely in specialized membrane-bounded storage organelles called protein bodies. 
Finally, each storage protein fraction is a mixture of many polypeptides which exibit 
polymorphisms arising from multiple gene families and, in some cases, proteolytic 
processing and glycosylation (Shewry et al., 1995). 
Glutelin genes are divided into two subfamilies, Subfamily A (GluA) and B (GluB) 
based on DNA and AA sequence homology. GluA subfamily contains at least three 
genes, namely GluA-1 (Gt2)，GluA-2 (Gtl) and GluA-3 (Gt3). Another gene, GluA-4 
was found to be a pseudogene (Takaiwa and Oono, 1991). GluA-1 and -2 show 87% 
homology in the 5'-flanking and coding sequences and they share several conserved 
regions such as TATA box and CAAT box, while GluA-3 does not (Okita et al, 1989). 
In the GluB subfamily, three genes were isolated including GluB-1, -2, and -3，each of 
which contains 5-8 copies in rice haploid genome. GluB-3 was identified to be a 
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pseudogene. Recently, a new gene named GluB-4 has been identified. The GluA and 
GluB genes show only 60-65% DNA sequence homology to each other, but higher 
than 80% between the genes in the same subfamily (Takaiwa et aL, 1991). Very 
interestingly, it was found that the glutelin gene families differ distinctly between 
Indica and Japonica cultivars (Takaiwa and Ooiio, 1991). 
There are at least three types of prolamin based on molecular weight, namely the 16 
kDa, 13 kDa and 10 kDa, of which the 13 kDa is the most abundant. The majority of 
the cDNAs and genomic clones found through these years belongs to the 13 kDa 
group, which can be divided into 3 classes including class I，II and III. Class I 
comprises of Prol 7，Prol 14，RM2, S23, X24 and RP3, which share 88-97% 
homology between each other and encodes a peptide of 148-150 AAs (Yamagata et al., 
1992; Shyur and Chen, 1990). Class II has only one gene, Prol 17, which encodes 149 
AAs and shares 75% homology with Class I. Class III contains S18, RM17, RP5, RP6 
and NRP33, among which there is 91% homology. They encode 156-158 AAs (Shyur 
et al” 1992; Masumura et al.’ 1990; Wen et aL, 1993) (Sha et al., 1996). cDNA clone 
RP 10 and the genomic clones XI7074 and TrplO are the genes belonging to the 
lOkDa prolamin. They share more than 95% homology between each other and 
encode a polypepetide of 134 AAs. By sequence analysis, prolamin genes also reveal 
normal regulation elements such as TATA box, CAAT box and poly A tails, like the 
glutelin genes, but they have no introns dispersed in the exons and show low 
homology between the members of different types (Sha et al., 1996). The copy 
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number of rice prolamin genes in haploid genome is 80-100, much higher than that of 
the other storage protein (Kim and Okita, 1988). 
The albumin gene family is classified into four subfamilies, namely RA5, RAM, 
RA16 and RA17, which show 70-95% homology between each other (Izumi et al., 
1992). The copy numbers of the albumin genes are much less than those of glutelin 
and prolamin genes. For the globulin genes, a total of 4 cDNAs and one genomic gene 
have been cloned(Nakase et al., 1996). Among these, Gib gene encodes for a 26 kda 
a-globulin which is the major fraction of globulin (Shorrosh et al., 1992). 
Seed storage proteins are transcribed in the nucleus, these mRNAs are transferred to 
the cytosol and localized on distinct ER membrane for protein synthesis. It was 
reported that there are two forms of ERs existing in the endosperm. Glutelin mRNAs 
are localized in the cisternal ER (C-ER), which consists of a layer of pellicle; whereas, 
the prolamin mRNA is localized in the protein body-forming ER (PB-ER) (Li et al., 
1993a; Li et al” 1993b). 
All the storage proteins are secretory and possess their corresponding signal peptides 
which will be cleaved after entering the lumen of the ER, where they are processed by 
a series of biological and chemical reactions such as disulfide formation, folding and 
oligomerization (Li et al., 1993b; Muntz，1998; Shewry et al, 1995). 
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There are at least two types of PB in rice endosperm, whose origin, structure and 
content are different from each other. Prolamin is stored in PBI, which is derived from 
ER. PBII is composed of glutelin and globulin and origined from vacuoles (Shewry et 
al., 1995). The polypeptide trimers are transferred through Golgi apparatus into 
vacuole where they are processed to form small and large subunits, and then folded 
into hexamers. These hexamers are accumulated to certain extent before the vacuole 
are lysed into small pieces to form PBII (Muntz, 1998). 
Storage protein genes are primarily regulated at transcriptional level. The promoters 
in most of the storage protein genes have been identified. It has been proved that these 
promoters play a very important role in the regulation of spatial, time-specific and 
tissue-specific expression. In addition, several cis-elements have also been identified 
and cloned, including the AACA motif (AACAAACTCTATC), GCN4 motif 
(TGAGTCA), ACGT motif (GTACGTG), GCAA motif (GCAAAATGA) and 
prolamin box [TG(t/a/c/) A A A(g/t)]. They are believed to be closely related to the 
endosperm-specific expression pattern. Of these motifs, AACA and GCN4 appear 
most frequently in the promoter region of storage protein genes, particularly in 
glutelin genes. The combination of these two motifs gave more efficient effect on 
enhancing gene expression (Yoshihara and Takaiwa, 1996). Some trans-regulatory 
factors specifically binding to the cis-elements were also identified. 
Regulation at transcriptional and post-transcriptional level is also involved in the 
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control of the storage protein gene expression in developing rice seeds. It was 
observed that the transcriptional activity of Gt3 is 4-fold stronger than those of Gtl 
and Gt2 at 5 DAF, but their amouts of mature mRNA are similar, which indicated 
some sort of post-transcriptional regulation does exist. The prolamin transcripts are 
the most abundant in the mid and late stages of seed development, while the ultimate 
prolamin products are much less than glutelin. Further analysis revealed that the 
prolamin mRNA showed a much lower efficiency than those of glutelin when binding 
to the membrane-bound polysome which aids in the formation of translation initiation 
complex. The lower translation efficiency thus results in much less prolamin product 
(Kim et al., 1993). 
1.2.6.3 Lipids 
Lipid comprises about 2-3% of the dry weight of rice seed, much less than that of 
starch and storage proteins. Information concerning the biochemical and molecular 
aspects of lipid biosynthesis has accumulated rapidly recently (Browse and 
Somerville, 1991; Mekhedov et al., 2000)，most of which was from studies of oilseed 
plants such as Arabidopsis and rape (Ohlrogge et al., 2000). On the contrast, studies 
on the lipid synthesis in rice developing seeds drew much less attention and the 
majority of lipid synthesis pathway and their regulation in rice remained unknown. 
Storage lipids are rapidly accumulated in rice seeds during 5 DAF to 12 DAF and 
they are stored in oil bodies discretely dispersed in the embryo and aleurone layer. 
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Palmitic, oleic, and linoleic acids keep increasing throughout the whole seed 
development, whereas that of alpha-linolenic acid remains at a very low level. The 
activity of acyl-CoA synthetase shows an accordance of expression during the period 
of lipid accumulation and exhibits a broad specificity for native fatty acids in rice 
seeds except for the stearic acid (Chuang et al., 1996; Ichihara et al., 2003). 
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Chapter 2 Materials and Methods 
2.1 Materials 
2.1.1 Chemicals 
For this study, most of the commonly used chemicals were of reagent grade or 
molecular grade and purchased from Sigma-Aldrich Chemical Co. (USA), 
Ridedl-deHaen (Germany), Roche Diagnostics Corporation (USA), Bio-Rad Co. 
(USA) or Invitrogen Corporation (New Zealand). Some chemicals or reagents and all 
the enzymes used in construction of libraries were provided along with the kit. All of 
the Taq DNA polymerases used for PCR were purchased from Promega Co. (USA). 
f 
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2.1.2 Facilities and Instruments 
The major instruments used in this study belong to the Department of Biology and the 
Molecular Biotechnology Program at the CUHK as listed in Table 2-1. 
Table 2-1. Major instruments used in this project. 
Items Company Catalog number 
Centrifuge J2-MI Beckman T373 with JA-14 rotor 
Gel lOOOUV Fluorescent Gel Doc Bio-Rad 200015450 
Genetic Analyzer ABI Prism 3100 Applied Biosystems 1336-007 
Gene Pulser Apparatus Bio-Rad 165-2076 
GS Gene Linker UV Chamber Bio-Rad 0392-92-0336 
Lumi-Imager F1 Roche 13000162 
Microcooler II Bockel Scientific 260010 
Orbital shaker Lab line 4628-1 
Power supply MIDI MP-250 Life technologies 4801311 
MJ Research PTC 100 
Programmable Thermal Controller 200003879 
96VHB 
Refrigerated Centrifuge 581 OR Eppendorf 03463 
TELCO incubator Cole-Parmer 39352-02 
Model GS-690 Imaging Densitometer Bio-Rad GS-690 
ProSys Gantry System Cartesian Technologies PRO 6463510 
Standard Biochip Scanning System Packard Bioscience Scanarray 4000 
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2.1.3 Commercial Kits 
Many experimental kits were used in this research and they are commercially 
available,as listed in Table 2-2. 
Table 2-2. Commercial kits used in this project. 
Kit Name Company Name Catalog number 
PolyATtract® mRNA Isolation Systems Promega Z5300 
SMARTTM cDNA Library Construction 
Clontech K1054-1 
Kit 
Gigapack® III Gold-11 packaging extract Stratagene 200203 




ArrayItTM 96 well PGR purification kit PGR-100 
International 
DIG DNA Labeling Kit Roche 1475033 
DIG Luminescent Detection Kit for BOEHRINGER 
1363514 h 
Nucleic Acids MANNHEIM 
‘‘ ‘ ‘ ‘ •_• • _• • I• “ ‘ — 丨 一 _ , - ' " 丨 1 
Wizard® PlusMinipreps DNA 
Promega A7510 
Purification System 
ABI P r i s m ™ dRliodamine Terminator 
Applied Biosystems 403044 
Cycle Sequencing Ready Reaction Kit 
DYEnamic ET Dye Terminator Cycle 
Amersham 
Sequencing Kit for MegaBACE DNA US81070 
Biosciences 
Analysis Systems 
GAPS II Coated Slides Corning 40006 





All the oligos for cDNA library construction were provided along with the kit (Table 
2-2). The other primers (Table 2-3) for PCR or probe synthesis were either purchased 
from PROLIGO Primers & Probes or GENSET Singapore Biotech. Pte.Ltd. 
(Singapore). The primers for the amplification of the rice storage protein genes were 
designed and provided by Ms. Meijuan Duan (CUHK). 
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Table 2-3. Sequences of Oligos used in P G R and sequencing and Northern Blot 
analysis. 
Name of oligo Sequence (from 5，to 3，） Purpose 
TriplEx-3， TCCGAGATCTGGACGAGC Amplification of inserts 
from cDNA library in 
TriplEx-5 ’ TA ATACG ACTC ACTATAGGGC Phage 
Sequencing of PGR 
TripIEx-seq-5， CTCGGGAAGCGCGCCATTGTGTTGG products amplified from 
cDNA library in phage 
M13-forward GTAAAACGACGGCC AG Amplification and 
seqeuncing of inserts 
iv/fi, A A A A A ^r^T-AT^^ A ^ from cDNA library in 
M13-re verse CAGGAAACAGCTATGAC , � E.coli. 
Gtl-5’ CAAGAGAGCATTATCAAGAAGG Amplification and probe 
Gtl-3， — TCTTGAGGGATGTCCTTAGC synthesis for Gtl 
Gt2-5， CAGTTTGCTGCAGCCATATC Amplification and probe 
Gt2-3’ 一 ATCATCATTAGTCGAAAGACTGG synthesis for Gt2 
"Gt3-5' CCGAGCAAGACCAACAATTG Amplification and probe 
Gt3-3， CCATAGTCTCTCGATTGCACC synthesis for Gt3 
GtBl-5, CAACAACAATCGGGCTCAAC Amplification and probe 
~GtB 1 -3 ’ CGCCGATACTAGTTCTCAC synthesis for GtB 1 
GtB2-5, — ATGATGGTGATGCATCGG Amplification and probe 
"GtB2-3’ AGGTTTACTCTGGTAGCATC synthesis for GtB2 
"GtB4-5' ACGTTAATGCCCATAGCC Amplification and probe 
"GtB4-3 ’ CCGCCACAAAGTTTCACA synthesis for GtB4 
ATGGCAGCATACACCAGC Amplification and probe 
prolamin-5 synthesis for lOkDa 
lOkDa GCACACGATAGTATGCAACACC — i n 
prolamin-3 
"rP5-5^ - TACCAGGCCATTAGTAGC Amplification and probe 
RP5-3， ATCAAGTTTCAACTGTCACG synthesis for Rp5 
RP6-5, - ACTGCAGCAGTTTAGTGG Amplification and probe 
"^6 -3， CCTAAGTTTC AAC AGTC AC A synthesis for Rp6 
Prol 7-5’ AATGGACAAGCGCAATGG Amplification and probe 
Prol 7-3 ’ ACGTTAAAAGCCAACAGAGC synthesis for Prol 7 
"Prol 14-5, ATCAGCTGCAGTCGCCTG Amplification and probe 
"Prol 14-3， TTAC A AG AC ACCGCC AAGG synthesis for Prol 14 
Tro l 17-5， AGATGCTTAGCCCATGCGG Amplification and probe 
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Prol 17-3， CTTGGGCTTGAGCTTGAGC synthesis for Prol 17 
Low molecular Amplification and probe 
weight CGTTGCTCCTCATCATCG synthesis for low 
globulin-5, molecular weight 
Low molecular globulin 
weight CTCCCTGTAGATGCCTCC 
globulin-3’ 
Ra5-5’ CTCAGTGTTGCTTCTCGC Amplification and probe 
Ra5-3， " T A G C A G A C A C C A C C T C C G synthesis for Ra 5 
Ra 17-5 ’ GCTCGATCACATGCTGTC Amplification and probe 
Ra 17-3 ’ TTAGCAACCCCACATAGT synthesis for Ra 17 
AGPaseLS-5， GGGACTGAGAGGTTGATGGA Amplification and probe 
synthesis for AGPase 
AGPaseLS-3' CCCCACCAAAGGTATGTATGA large subunit 
AGPaseSS-5 ’ AAATTTCCCTGCTGCAAATG Amplification and probe 
synthesis for AGPase 
AGPaseSS-3’ AAGGGCTTTCTTGTCCGTCT small subunit 
GBSS-5, TACATCACCGCCAAGTACGA Amplification and probe 
GBSS-3' ACAGGGCGTTCCGTATCTC synthesis for GBSS 
SBE3-5, TCGGTGAAGATGTCAGTGGA Amplification and probe 
~ ^ E 3 - 3 ’ TCCCTGGGATGAATTTACCA synthesis for SBE3 
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2.1.5 Plant Materials 
F1 seeds of super hybrid rice 9311/P64S (9311 as parental line and P64S as maternal 
line) were labeled and collected according to different developmental stages (Duan, 
2003). The development timetable of super hybrid rice seeds were divided into 5 
different stages, namely 3，6, 10, 15，20 days after flowering (DAF), covering the 
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Figure 2-1. F1 seeds of super hybrid rice 9311/P64S at different 
developmental stages. DAF, days after flowering. 
5 1 
2.1.6 Bacterial Strains 
Escherichia coli strain XL-1 Blue provided along with the SMART™ cDNA Library 
Construction Kit was used as the host strain for the first library construction; E. coli 
strain ElectroMAX. DHIOB. T1 Phage Resistant Cells provided with the 
CloneMiner丁M cDNA Library Construction Kit were used as host strain for the second 
cDNA library construction. 
2.2 Methods 
2.2.1 mRNA Isolation 
Total RNA samples for the 5 developmental stages were obtained from Duan (2003) 
and quantitated by O.D. measurement and RNA denaturing gel (1% agarose and 3% 
formaldehyde in IxMOPS) electrophoresis. Total RNA sample (200 )Lig) of each 
developmental stages of super hybrid rice seeds was pooled together to form a 1 mg 
mixture of totol RNA sample. Poly(A+)RNA was isolated from this mixed total RNA 
using PolyATtract® mRNA Isolation Systems as described in the protocol provided. 
Briefly, total RNA was diluted to 500 jul and heated to 65 °C for 10 minutes to 
denature the secondary structure and then combined with 3 jul of the 
Biotinylated-Oligo(dT) Probe to allow probe annealing. The 
Streptavidin-Paramagnetic Particles (SA-PMPs) were washed with 0.5xSSC (300 jul 
per wash) for three times and then suspended in 100 \i\ O.SxSSC before use. The 
entire annealing reaction mix was then added to the SA-PMPs and incubated at room 
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temperature for 10 minutes with gentle mixing by the misture every 1-2 minutes. The 
SA-PMPs with desired mRNA were captured with a magnetic stand and then washed 
with O.lxSSC (300 i^l per wash) for four times. The SA-PMPs were resuspended in 
100 |Lil RNase-free H2O to elute mRNA and washed by another 150 fil RNase-free 
H2O. Finally the desired mRNA in 250 |il RNase-free H2O was obtained and then 
quantified by spectrometry. Total mRNA sample was mixed with 0.1 volume 3M 
sodium acetate (pH=5.2) and one volume isopropanol and incubated at -80 °C for 20 
minutes to precipitate the mRNA. After centrifugation at 12,000 rpm for 20 minutes, 
the pellet was washed with 200 |LI1 75% EtOH and the total mRNA was resuspended in 
RNase-free H2O at a concentration of 1 |ig/|il. 
2.2.2 Construction of cDNA Library 
2.2.2.1 Construction of cDNA Library in Phage 
Using one \xg mRNA from the above step as starting material, a cDNA library was 
constructed with the SMART™ cDNA Library Construction Kit as described in the 
protocol provided. 
First-strand synthesis was accomplished by the follwing steps: mRNA (1 |Lig), 
SMART IV Oligonucleotide (10 niM, 1 |LI1) and CDS 111/3' PCR Primer (10 mM, 1 ^il) 
was combined together in a 5 |ul system and the mixture was incubated at 72°C for 2 
minutes, then cooled on ice for 2 minutes; then the mixture reaction was collected at 
the bottom by centrifugation. The followings were added to the reaction: 2.0 [i\ 5X 
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First-Strand Buffer, 1.0 |li1 DTT (20 mM), 1.0 |li1 dNTP Mix (10 mM ) and 1.0 |li1 
PowerScript Reverse Transcriptase. The total reaction mix was incubated at 4 2 � C for 
Ih for reverse transcription. After that, the reaction was terminated by incubating the 
tube on ice for 2 minutes. NaOH (1 fil) was then added and incubated at 68 °C for 30 
minutes to hydrolyze the RNA template. 
Second-strand of cDNA was synthesized by primer extension. The following contents 
were mixed and spun down in a test tube: 11 jul first-strand cDNA (from above), 71 
deionized H2O, 10 |li1 lOX Advantage 2 PCR Buffer, 2 ii\ SOX dNTP Mix (10 mM 
each nucleotide), 2 |li1 5' PCR primer (10 mM), 2 ml CDS 111/3' PCR primer (10 mM), 
2 50X Advantage 2 Polymerase Mix. A total of 100 |ul reaction mix was put into a 
preheated 95 °C thermal cycler and undergone the following program: 72 °C for 10 
min, 95 °C for 20 sec, 5 cycles of 95 °C for 5 sec and 68 °C for 8 min. Five \x\ of the 
sample was analyzed on a 1.1% agarose/EtBr gel along side a 1 kb plus DNA size 
marker (0.05 mg). 
Fifty of amplified ds cDNA was combined with 2 ml proteinase K (20 mg/ml) and 
inoculated at 45 °C for 20 minutes to inactivate the DNA polymerase activity. The 
reaction mix was scaled up to 100 |li1 and then purified by 100 jiil of phenol: 
chloroform:isoamyl alcohol (25:24:1 v/v) followed by 100 |il of chloroform:isoamyl 
alcohol (24:1 v/v). After centrifugation, the aqueous phase was precipitated by ethanol 
and the pellet was dissolved in 79 of deionized H2O. 
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Sfi I digestion was conducted by combining the purified 79-jLil cDNA (from above) 
with the following reagents: 10 ml \OXSfi buffer, 10 ml Sfi I enzyme (20 units/ml), 1 
ml lOOX BSA and incubating at 50 °C for 2 hours. Two |li1 of 1% xylene cyanol dye 
were added to the tube for traces indication in the following steps. 
The digested cDNA was then size-fractionated by CHROMA-SPIN-400 provided 
with the kit as described in the manual. The profile of the fractions was checked by 
electrophoresing 3 jil of each fraction separately in adjacent wells on a 1.1% 
agarose/EtBr gel before proceeding. The peak fractions were identified by visualizing 
the intensity of the bands under UV. The first three fractions containing cDNAs were 
pooled together and precipitated by ethanol and then resuspended in 7 i^l of deionized 
H2O. The cDNA was ligated to the TriplEx2 DNA provided with the kit. Three 
parallel reactions were performed with different insert to vector ratios. In practice, the 
same amount of the following reagent: 1.0 )il vector (500 ng/jil)，0.5 |li1 10 X ligation 
buffer, 0.5 jul ATP (10 mM) and 0.5 |li1 T4 DNA ligase 400 units/1) were used in the 
three reactions, while 0.5, 1.0 and Ijul of cDNA were used, respectively, for each 
ligation. After overnight incubation at 16 °C, a separate-phage packaging reaction for 
each ligation was performed. 
The titer of the unamplified library was then determined to estimate the number of 
independent phage in the library. A single colony from the working plate of XL 1-Blue 
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was inoculated into 15 ml of LB/MgSOVmaltose broth [LB broth (10 g/L 
Bacto-tryptone, 5 g/L Bacto-yeast extract, 5 g/L NaCl pH adjusted to 7.0), 10 mM 
MgS04, 0.2% maltose] shaking at 250 rpm overnight. The cells were collected by 
centrifugation at 5,000 rpm for 5 minutes and resuspended in 7.5 ml of 10 mM 
MgS04. The packaging extracts were diluted 10 times with Ix lambda dilution buffer. 
One |Ltl of the diluted extract were added to 200 |ul of the resuspended XL 1-Blue 
culture and incubated at 37 °C for 15 minutes to allow phage absorption. Three ml of 
melted LB/MgS04 top agar [LB broth, lOmM MgSO*，7.2 g agar] was added, mixed 
and immediately poured over 132 mm LB/MgS04 plates prewarmed to 37 °C. The 
plates were swirled to allow even distribution of the top agar. After cooling the plates 
for 10 minutes, they were inverted and incubated at 37 °C overnight. The plaques on 
the plates were then counted and the titers of the phage samples were calculated by 
the following formula: 
pfu/ml = number of plaques x dilution factor x 10�f i l /ml 
|Lil of diluted phage plated 
2.2.2.2 Construction of cDNA Library in E.coli. 
Another cDNA library with longer inserts and higher recombination rate was 
constructed by the CloneMiner™ cDNA Library Construction Kit as described in the 
manual. Five ^g mRNA in 5 )j.l DEPC H2O was used as the starting material and was 
mixed with the follwing reagents: 1 ii\ Biotin-a//B2-01igo(dT) Primer (30 pmol / | L i l ) 
and 1 III dNTPs (10 mM each). 
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The mix was then incubated at 65 °C for 5 minutes and cooled to 45 °C for 2 minutes. 
Four 5X First Strand Buffer and 2 |ul 0.1 M DTT were added to the mix and 
incubated at 45 °C for 2 more minutes before adding 5 |xl SuperScript II RT (200 
U/|il). The total mix was then incubated at 45 °C for 60 minutes to allow the first 
strand synthesis. 
While keeping the first strand reaction tube on ice, the following reagents were added 
to the tube for strand sythesis: 92 [x\ DEPC-treated H2O, 30 jul 5X Second Strand 
Buffer，3 |li1 dNTPs (10 mM each), 1 i^l E. coli DNA ligase (10 U尔 1), 4 |li1 E. coli 
DNA polymerase I (10 U/|li1), and 1 E. coli RNase H (2 U/|li1). The reaction 
reagents were mixed, spun down and incubated at 16 °C for 2 hours. Another 5 
minutes' incubation at 16 °C was performed after 2 |il of T4 DNA polymerase was 
added to create blunt-ended double strand cDNA. Ten jul of EDTA (0.5 M, pH 8.0) 
was added to stop the reaction. 
The total reaction mix containing the synthesized double-stranded cDNA was then 
purified by 160 iil of phenol : chloroform : isoamyl alcohol (25:24:1 v/v) and 
precipitated by ethanol. The pellet was resuspended in 18 |il of DEPC-treated H2O. 
The attBl Adapter was ligated to the cDNA by combining the following reagents : 18 
III of cDNA from above, 10 i^l 5X Adapter Buffer, 10^1 attBl Adapter (1 ng/|Lil), 7 |li1 
DTT (0.1 M) and 5 i^l T4 DNA ligase (1 \J/\x\) (Figure 2-2 ). 
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After that the cDNA was then size-fractionated by column chromatography as 
described in the manual. Twenty fractions were collected and quantified by DNA 
spotting assay. The first three fractions containing more than 150 ng of cDNA were 
pooled together, precipitated by ethanol and resuspended in 4.5 jul of TE buffer 
(lOmmol/LTris-Cl, pH=7.6 and lmmol/LEDTApH=8.0). 
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Figure 2-2. cDNA synthesis process by the CloneMiner^^ 
c D N A Library Construction Kit. A, first strand synthesis 
coupled with Biotin-a!^/B2-01igo(dT) Primer by 
superscript™ II RT . B, second strand synthesis by E.colL 
DNA polymerase using the first strand as template. C，attBl 
adapter is ligated to the 5' end of the cDNA, biotin prevents 
the ligation of it to 3’ end of the cDNA. D，size fractionation. 
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Figure 2-3. BP reaction of the CloneMinerTM cDNA Library 
Construction Kit. This reaction is catalyzed by BP Clonase™ enzyme mix 
to create an attL-containing entry library. When recombination occurs 
between the donor vector and attB-flanked cDNA, the lethal ccd^ gene is 
replaced by the cDNA insert. Those cells take up nonrecombinant donor 
vector or byproduct will fail to grow because of the lethal effect of cct/B 
gene. 
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After determining the concentration of the pooled cDNA, 4 |il reaction mixture 
containing 100 ng of cDNA was used in the BP Recombination Reaction and 
combined with the following reagents:! |LI1 pDONR.222 (250 ng/|il), 2 5X BP 
Clonase™ Reaction Buffer and 3 ul of the thawed and vortexed BP Clonase™ 
enzyme mix was added and then incubated at 25 °C for 18 hours (Figure 2-3). 
Two |il of proteinase K was added and the tube was incubated at 37 °C for 15 minutes 
and then at 75 °C for 10 minutes to stop the BP recombination reaction. The product 
was then precipitated by ethanol and resuspended in 9 \i\ of TE buffer. This 9 \i\ 
volume was then divided evenly into 6 parts, each containing 1.5 |LI1. Each of these 
DNA aliquots was transformed into 50 |LI1 of thawed ElectroMAX'^'^ DHIOB™ 
competent cells by electroporation with the following settings: voltage 2.0 kV, 
resistance 200 Q and capacity 25 |iF. One ml of SOC medium [2% Tryptone, 0.5% 
Yeast Extract, 10 mM NaCl, 2.5 mM KCl, 10 niM MgCh, 10 mM MgS04, 20 mM 
Glucose] was added in each reaction and transferred to a 15 ml Falcon tube which 
was incubated at 37 °C and shaken at 225-250 rpm for at least 1 hour. After that, the 
cells in six 15 ml Falcon tubes were pooled and the total volume was determined. An 
equal volume of sterile freezing media (60% SOC medium, 40% glycerol) was added 
and mixed. Finally, the cDNA library was aliquoted (200|ul each) and stored at -80 °C. 
Serial dilution of the cDNA library was performed by adding 100 |LI1 of the sample 
into 900 |Lil of SOC medium. Two 100 |LI1 samples of the dilutions of 10.2, 10'^  and 10.4 
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were plated onto LB/kan plates [LB plate with 50|Lig/ml kanamycin] and then 
incubated at 37 °C overnight. The titer of each dilution was determined by the 
formula below: 
cfu/ml = colonies on plate x dilution factor 
plated volume (ml) 
Then the average titer of the entire cDNA library was obtained. Thus the total CFU of 
the cDNA library is determined by: 
(cfu) = average titer (cfu/ml) x total volume of cDNA library (ml) 
To analyze the recombinant rate and the average insert size of the cDNA library, 24 
colonies were picked randomly and cultured in 3 ml LB/kan broth [LB broth with 50 
fig/ml kanamycin] overnight-shaking at 250 rpm. Plasmids were extracted from the 
24 colonies respectively and then digested by BsrG I to release the insert from the 
vector. The digested samples were analyzed by electrophoresis in a 1% agarose gel 
along with a 1 kb plus DNA ladder and a sample of digested pDONR™222 as control. 
2.2.3 Screening of cDNA Library 
2.2.3.1 In situ Hybridization 
The libraries were diluted appropriately and spread onto 132mm Petri dishes as 
described in the procedures of titering (see Session 2.2.2.1). In situ hybridization was 
performed to obtain the DNA content of every plaque/colony as well as the location 
information for further selection. A nylon membrane disc was marked by cutting the 
edge at 3 different positions, then placed carefully onto the surface of the plate and 
left for 1 minute. The bottom of the plate was also marked according to the marked 
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positions on the membrane. It was removed by a tweezer from the plate to a puddle of 
2 ml denaturation solution (0.5 M NaCl, 1.5 M NaOH) on a plastic film while keeping 
the plaque/colony side facing up. The membrane was incubated either 5 minutes for 
plaques or 15 minutes for colonies. After incubation , the membrane was dried on a 
sheet of Whatman 3 mm filter paper. Another incubation in 2 ml neutralization 
solution (1.5 M NaCl, 1.0 M Tris-HCl, pH=7.4) was the same as the previous one. 
The air dry step was repeated. The membrane disc was then transferred to a new 
plastic film containing 2 ml 2 x SSC and incubated for 10 minutes. After drying the 
membrane on another filter paper, plaque DNA on the membrane was ready for 
crosslinking, whereas for colony lifts, a step of proteinase K digestion was needed to 
remove cell debris from the membrane disc. Diluted proteinase K (>20U/mg, 1 ml of 
1:10 Invitrogen) in 2 x SSC, was evenly distributed on the surface of the disc and the 
disc was incubated at 37 °C for 1 hour. After that, a pre-wet sheet of Whatman 3MM 
paper was placed on the membrane disc. A ruler was used to press the paper firmly 
onto to the disc to absorb the cell debris onto the paper. The DNA was then 
crosslinked to the membrane disc by a UV crosslinker using a C 4 program at 250 mJ. 
2.2.3.2 Probe Synthesis 
Probes for the following genes: Gtl, Gt2, Gt3, GtBl, GtB2, GtB4, Rp5, Rp6, 
Prolamin?, 10 kd prolamin, Ra5, Ral7, Prolamin 14, Prolamin 17, low molecular 
weight globulin which are highly abundant in the rice developing seeds were 
synthesized for screening the cDNA libraries before sequencing. 
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The first round of PCR for probe synthesis was performed with the super hybrid rice 
FI seed cDNA and primers of each probe provided by Duan (2003). The 25 [i\ 
reaction system contained 1 i^l cDNA，2.5 lOxPCR buffer, 2 |LI1 MgCb (25 mM), 
0.5 |Lil dNTPs (lOmM each), 0.25 \x\ 3’ primer (20 mM), 0.25 5' primer (20 mM) 
and MilliQ H2O to 25 and the mixture was amplified by the following program: 95 
°C for 5 minutes, 30 cycles of 94 °C for 50 seconds, 60 °C for 50 seconds and 72 °C 
for 50 seconds, followed by 1 cycle of 72 °C 10 minutes. Two |LI1 of PCR product 
from round one reaction was used in round two labeling along with the following 
reagents: 10 lOxPCR buffer, 6 i^l MgCb (25 mM), 2 i^l DIG dNTP, 2^1 3，primer 
(20 mM) and 77 |LI1 MilliQ H2O. The 100 jul reaction mix for each probe labeling 
underwent the same program as in round one but the cycles were increased from 30 to 
55. The labeling efficiency was estimated by spot test with the DIG-labeled control 
DNA as described in the manual of DIG DNA labeling Kit. 
2.2.3.3 Hybridization and Detection 
The membrane disc was put into a roller bottle with the plaque/colony side facing up 
and pre-hybridized at 42 °C for 3 hours using 10 ml Hybridization Solution [5xSSC, 
0.1% N-Lauroylsarcosine, 7% SDS, 50 mM Sodium phosphate, pH 7.0, 2% blocking 
reagent, and 50% formamide]. Mixed DIG-labeled DNA probes (10-25 ng/ml 
hybridization solution) was hybridized to the membrane at 42 °C for 16 hours. The 
probes were then recycled for next use. The membrane was subject to 10 ml low 
stringency wash solution [2xSSC, 0.1% SDS] at room temperature for twice followed 
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by 10 ml high stringency wash solution [O.SxSSC, 0.1% SDS] at 68 °C for twice. The 
membrane was then washed briefly in wash buffer [0.3% (w/v) Tween 20 in maleic 
acid buffer (100 mM maleic acid, 150 mM NaCl, adjust pH to 7.5 with NaOH)] and 
blocked by 10 ml blocking solution [1% blocking reagent in maleic acid buffer] for 1 
hour at room temperature. The diluted anti-DIG-AP (1:10,000 in blocking solution) 
was then introduced and incubated at room temperature for 30 minutes to allow 
antibody binding. The unbound antibody was washed off in 10 ml of wash buffer for 
15 minutes at room temperature for twice. After that, the membrane was equilibrated 
in the detection buffer [100 mM Tris-HCl pH 9.5, 100 mM NaCl] for 5 minutes. The 
membrane was placed between two plastic transparent films and the DNA side was 
covered with 700 \i\ chemiluminescent substrates (1:100 diluted in detection buffer). 
The membrane was sealed in the films and exposed to X-ray film in a cassette at 37 
�C for about 1 hour. 
2.2.4 Single-pass Sequencing of cDNAs 
The plaques giving negative signal in the screening were picked and stored in 200 |il 
SM buffer [ 5.8 g/1 NaCl, 2g/l MgS04-7H20, 50 ml 1 M Tris-HCl (pH=7.5), 5ml 2% 
gelatin] in 96-well plates for long-term storage at -80 °C. Fifty |LI1 of each was added 
to 50 SM buffer/14% DMSO to allow the release of DNA from the I phage. PCR 
was performed with the following system: 5 jul of the phage lysate as template, 2 |il 
dNTP (10 mM each), 8 |il MgCb (25 mM), 1 |il 5' primer (20 mM), 1 |li1 3，primer (20 
mM), 0.5 jil Taq DNA polymerase (10 Units/|il) and 72.5 |LI1 MilliQ H2O undergoing 
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the following program: 95 °C for 5 minutes, 30 cycles of 94 °C for 50 seconds, 60 °C 
for 30 seconds and 72 °C for 50 seconds, followed by 1 cycle of 72 °C for 10 minutes. 
Five |il of the PGR product was then analyzed by electrophoresis at 1% agarose/TAE 
gel. Those positive clones with single band equal or above 500 bp were transferred to 
another 96-well plate for purification. Selected PGR products were purified in batch 
using the ArrayltTM 96 well PCR purification kit as described in the manual and the 
purified products were resuspended in 30 |LI1 MilliQ H2O. The colonies giving 
negative signal were subcultured in 3 ml of LB/kan broth. Plasmids were extracted 
from those cell cultures and then resuspended in 25 |il of MilliQ H2O. The majority of 
the sequencing was performed with ABI PrismTM dRhodamine Terminator Cycle 
Sequencing Ready Kit. A 5 |il sequencing reaction system containing 0.5 \x\ of 
purified PCR products or plasmids, 0.16 pmole of 5' or 3' sequencing primer and 2 |il 
of Terminator Ready Reaction Mix was amplified by the following conditions: 96 °C 
for 5 minutes, 25 cycles of 96 °C for 10 seconds, 50 °C for 5 seconds, 60 °C for 4 
minutes. The sequencing products were then purified by EtOH precipitation and the 
pellets were resuspended in 12 |LI1 of Hi-Di Formamide and applied to Genetic 
Analyzer ABI Prism 3100 for analysis. The selected PCR products from the phage 
library were sequenced using DYEnamic ET Dye Terminator Cycle Sequencing Kit 
for MegaBACE DNA Analysis Systems. Ten )LI1 system for each reaction was set up as 
the following: 1 \x\ of PCR product, 5 pmole of 5' or 3’ sequencing primer, 4 \i\ 
sequencing reagent premix under the following program: 25 cycles of 95 °C for 20 
seconds, 50 °C for 15 seconds and 60 °C for 1 minute. The reaction products were 
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purified by ethanal precipitation and dissolved in 10 \i\ of MegaBACE loading 
solution. Finally, the ready products were injected onto the MegaBACE 4000 
sequencer for further analysis. 
2.2.5 Sequence Analysis 
Chromatograms from sequencer were processed in batch by PHRED to call bases for 
each sequence and assign quality values to each base. 5, and 3' ambiguous sequences 
(error probability > 0.05) were trimmed during PHRED processing. The command 
line used was as following: 
% phred - id [input file directory] —od [output file directory] 
The result for each read was written into the file in PHD format. The PHD files were 
then examined by a program named Filter (written by Ka Kit Leung, CUHK) to 
remove those sequences with high quality segment < 251 bp (Figure 2-4). This 
screening was based on the trimming information in header data block which exists in 
each PHD file for each called sequence (Figure 2-5). The screening algorithm was as 
following: 
When L - F < 250, then screen out 
That means at the error possibility value of 0.05, if the numbers of sequences with 
quality value >= 13.0 (-10*lg0.05) for each base are more than 250, they will survive 
the screening procedure. 
Remaining PHD files were transferred into two files in FASTA format by 
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PHD2FASTA, one containing all the sequences whereas the other one containing the 
quality values for each base which will be used in contig analysis by PHRAP. The 
command line was as following: 
% phd2fasta -id [input file directory] -os seqs—fasta -oq seqs_fasta.qual 
The vector sequences were then screened by CROSS_MATCH using the following 
command line: 
% cross—match seqs_fasta vector.seq -minmatch 12 -minscore 20 -screen > screen.out 
6 8 
_ ^ • y ^ m o n 9.1 a m r n v w w i x t o r c r A M 
' ^ f i l s n - BA*«O«l««s»tOO«»O0><jrt9 no ZMl VkOA^M 
i v l 0 0 _ o i r to-MMwa >*».，<•»•£，.lair ^, -^.Ty^yB.-^ 
o i r i o ^ u v ^ ^ m a n m n j - y i o j w r r / r u J g ^ i T f c p L T T A T I X T W I ' J O C J I C I . i w ^ o t w a J 
M M A 編 K M U I A L L M U J M M M M H M M M M 
Bases callec by PHRED 
1 ‘ 
C T T T C A O A A O T T A T C T 
, , , . . » » » . . » . » . . . • « > . J ....、、.-."* 丄、 ' -
N C C N C N C C A 
5 and 3' ambiguDus sequence trimmed ，‘ 
A O A A O T T A T C T 
i ‘ " � 
If high qugj+t^ ^"'^  vector sfertsju©nces scre©neel by 
segm^pi^^^S^O bp. CR0^3::J::i^TCH 
A G A A G T T T A T C T A O A A O T T A T C T 
X 
• 
.‘ •‘ • . . ‘ ‘ -'>.-； 二 . -
Figure 2-4. Flow chart of sequence analysis. Letters in red stand for 
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END 一 COMMENT 
Figure 2-5. An example of the PHD file header data block. 
Highlighted row indicates the trimming information. The blue and 
red number represent the first base of the high quality read 
segment (F) and the last base of the high quality read segment 
(L), respectively. The green number represents the error 
probability cutoff value to calculate trim points. 
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2.2.6 BLAST Search 
The FASTA file containing vector-masked sequences generated by CROSS_MATCH 
was submitted to BLASTX search by BLASTCL3 against the non-redundant 
GenBank protein database for functional information of the sequences in our dataset. 
To identify novel seed expressed ESTs in our collection and provide location 
information for most ESTs on the physical map of rice genome, the whole dataset was 
submitted to BLASTN searches against the EST database (containing 65,313 
sequences) and the rice genome database of RiceBLAST available at 
http://riceblast.dna.affrc.ao.jp/, respectively. The top scoring hits for each sequence in 
the BLAST search were extracted automatically with a PERL script bp35.pl which 
was provided by Dr. Joseph A. White (TIGR) and modified by Ka Kit Leung 
(CUHK). 
2.2.7 Contig Analysis 
Contig analysis was performed by PHRAP to estimate the number of unique genes in 
this EST collection with the following command line: 
% phrap [vector-masked file name] -minmatch 20 -retain—duplicates —trim—start 30 
-new_ace > phrap.out 
The first 30 bps of each EST were trimmed during assembly to further eliminate the 
remaining vector sequences remained. The ace output file from PHRAP was 
processed with a PERL script proc_ace.pl provided by Dr. Joseph A. White (TIGR) 
and modified by Ka Kit Leung (CUHK) to extract the EST names for each contig. 
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Manual parsing was performed to correct any misassembly. 
2.2.8 Database Management 
All data from the above analyses were imported into a Microsoft Access 2000 
relational database (Figure 2-6). EST name, Gene identifier, Description, BLAST 
score, Probability (e value), Percent identity, Alignment length, Reading frame of 
the highest scoring hits for each BLAST result of each sample were retained. Most of 
the data statistics was done by using the query function of Microsoft Access 2000. 
2.2.9 Selection Criteria for ESTs in Different Pathways 
To understand the expression of genes involved in different biological pathways 
existing in rice seed development, ESTs corresponding to these genes were selected 
and grouped together according to the functional description of top scoring hit in the 
BLASTX search results. A search enquiry was set up in the Microsoft Access 2000 
database to carry out these steps. As long as ESTs with any keyword listed in Table 
2-4 for respective pathway found in the column "description" and the BLASTX score 
>=100, they will be grouped into that pathway accordingly. 
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Table 2-4. Selection criteria for ESTs in different pathways. ESTs with BLASTX 
score >= 100 and any match with those keywords provided in the right column will 
be grouped into the respective biological pathway. 
Pathway Keywords 
hexokinase, glucose, fructose, aldolase, triose, 
yee ysi phosphoglycerate, enolase, pyruvate, glyceraldehyde 
Pentose phosphate glucose and dehydrogenase, phosphoglu, transketolase, 
pathway transaldolase, Rib and epimerase, Rib and isomerase 
citrate, aconitase, glutarate, succinyl, succinate, fumarase, 
malate, oxaloacetate 
Lipid metabolism lipid，desaturase, fatty acid, biotin, diacylglycerol, oleosin 
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Figure 2-6. Demonstration of database management. A, red square shows 
the BLAST search data stored in different tables. B, red square shows the 
information retained in each table for each EST. C, red square shows the query 
function for statistics. 
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2.2.10 Construction of Super Hybrid Rice Seed cDNA Microarray 
A total of 2,251 ESTs representing unique genes from our EST set were selected 
based on the contig analysis results. Among these 2,251 ESTs, those representing 
singletons were all selected. For those contigs with more than one EST, one EST with 
the highest BLASTX score from each contig was selected to represent that contig. 
The PCR products of these clones were transferred to seven 384-well plates, 
vacuum-dried and diluted into 8 |il of 50% DMSO. A total of 204 clones with 
concentration less than 100 ng/)il were reamplified and repurified. The external 
control, Ampr was provided by Dr. Lam Hon Ming (CUHK). Along with three 
controls, 2351 well-prepared samples were printed with duplicate onto the GAPS II 
Coated Slides by spottor at room temperature and humidity of 55%. 
2.2.11 Probe Synthesis, Microarray Hybridization and Detection 
Microarray probe synthesis, hybridization and detection were performed using the 
MICROMAX TSA labeling and detection kit as described in the manual with 
modification. Two |ig of total RNA from 5 developmental stages of super hybrid rice 
were used for probe synthesis. Total RNA of 10 DAF was used as the reference for the 
other stages and labeled by biotin，whereas the total RNA of the other stages were 
labeled by Fluorescein. The reaction for each labeling was carried out as followings: 2 
|ig total RNA, 1 ul Reaction Mix Concentrate, 1 |LI1 Fluorescein or biotin nucleotide, 5 
ng Ampr cRNA and Rnase-free H2O to a final volume of 20 |il. The reaction tubes 
were incubated at 65 °C for 10 minutes to denature the secondary structures of the 
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After overnight hybridization, the microarrays were underwent a series of washes and 
detections with different solutions and reagents, all of which were performed under 
covered containers to protect the slides from direct light. Firstly, each microarray was 
immersed vertically in 30 ml of 0.5 X SSC, 0.01% SDS wash solution to let the cover 
slip slide off. The slide was then placed into another tube with the buffer and 
incubated for 5 minutes with slight agitation. The microarrays were washed by 30 ml 
0.06 X SSC, 0.01 % SDS for 5 minutes followed by 30 ml of 0.06 X SSC for 2 
minutes, both with gentle agitation. After that, the printed area of the slide was 
incubated with 800 |li1 TNB-10% BSA buffer [10% bovine serum albumin in TNB 
buffer (0.1 M Tris-HCl, pH 7.5 and 0.15 M NaCI after passing through 0.22 micron 
filter then 0.5% Blocking Reagent was dissolved in it)] for 10 minutes and then 
washed by incubating in 30 ml of TNT buffer [0.1 M Tris-HCl, pH 7.5, 0.15 M NaCl, 
0.05% Tween-20, passing through 0.22 micron filter] for 1 minute with agitation. 
Anti-FL-HRP Conjugate Solution (600 |li1) was then added to the surface of the 
printed area for 10 minutes. Then the microarrays were rinsed in 30 ml of TNT Buffer 
with agitation for 1 minute for 3 times. Cyanine 3 Tyramide Solution (600 |il) was 
added, incubated for 10 minutes and then washed by rinsing the slide in TNT buffer 
for 5 minutes with agitation for 3 times. HRP Inactivation Solution (600 |al) was 
added to inactivate HRP and incubated for 10 minutes. Then the microarrays were 
rinsed in 30 ml of TNT Buffer with agitation for 1 minute for 3 times. The 
microarrays were incubated with 600 Streptavidin-HRP Conjugate Solution for 10 
minutes to introduce HRP again and then washed by rinsing in 30 ml of TNT Buffer 
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with agitation for 1 minute for 3 times. Cyanine 5 Tyramide Solution (600 jil) was 
added, incubated for 10 minutes and then washed by rinsing the microarrays in 30ml 
of TNT Buffer for 5 minutes for 3 times with agitation. After the last washing in 30 ml 
of 0.06X SSC with agitation for 1 minute, the slides were dried by centrifugation and 
subjected to scanning. 
2.2.12 Quality Test of External Control 
External control was used to quantitate and normalize two sets of scanning data 
generated from two fluorenscence dyes, Cy3 and Cy5. It is very important to verify 
that there are no homologs of the external control in rice developing seed transcripts 
before effective use. An experiment was thus performed as following: two slides were 
hybridized to the probes synthesized using the A and B systems, respectively, as 
indicated in the Table 2-5. The only difference between system A and B is the absence 
and presence, respectively, of the Ampf cRNA in the reference and tester RNA. 
Table 2-5. Reaction systems for quality test of Amp*^ gene as external 
control. The difference between the two systems is highlighted. 
System A System B 
Reference Tester Reference Tester 
Total RNA ^ ^ ^ 2[ig 
Amp*" CRN A 0 0 ^ 5ng 
Concentrate mix l|il l|il 1|LI1 
Labeled nucleotide 1 )J.l Biotin 1|LI1 FL 1 JUL Biotin 1 |LI1 FL 
DEPCH2O To 20 \i\ To 20 i^l To 20 i^l To 20 \x\ 
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2.2.13 Scanning of Microarray 
Scanning of the microan*ays was performed with ScanAiTay 4000 Standard Biochip 
Scanning System (Packard Bioscience) and a software ScanArray (version 3.1, 
Packard Bioscience) at a resolution of 10 fim per pixel. Channel 1 and 3 were used, 
respectively, for Cy3 and Cy5 detection. 
2.2.14 Analysis of Microarray Data 
The images from the scanner were then processed using a software QuatArray 
(Version 3.0, Packard Bioscience) to obtain the absolute intensities of dyes for each 
spot on the array and further transfer to ratio of Cy3/Cy5. The output file was in excel 
format which can be processed by Microsoft Excel. The geometric mean of the two 
ratio values from technical duplicates were calculated and used in the final digital 
expression profiling. 
2.2.15 Normalization 
The normalization of the microarray data was performed with QuantArray and based 
on the external control Amp"" gene which had totally 4 spots on the microarray. Under 
the circumstances that the same amount of the Amp'' cRNA was added respectively to 
the reference and tester RNA and there are no homologs of the Amp'' gene in the 
reference and tester RNA, the intensities of Cy3 and Cy5 of the Amp'' spots would be 
the same disregarding the difference between the dyes themselves. To eliminate the 
system error caused by the dye difference, a parameter 'normalization factor' was 
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introduced. The normalization was accomplished by the three equations as the 
following: 
Equation 1: Calculate the total intensity of Ampr spots of different dyes: 
Icy3,amp= ^ (I(Cy3,amp)i-B(Cy3,amp)i) 
Icy5，amp= ^ (I(Cy5,amp)i-B(Cy5,amp)i) 
Where I(cy3’amp)i and B(cy3’amp)i are the Cy3 intensity and Cy3 background intensity of 
any Amp'' spot, respectively; I(cy5,amp)i and B(cy5’amp)i are the Cy5 intensity and Cy5 
background intensity of any Amp'' spot, respectively. 
Equation 2: Calculate the normalization factor of Cy3/Cy5: 
Ncy3/cy5=lcy3,amp/lcy5,amp 
Where Icy3,amp and Icy5,amp are the total Cy3 intensity and Cy5 intensity of all the Amp*" 
spots respectively. 
Equation 3: Calculate normalized spot intensity of Cy3: 
rCy3,n=Icy3,n/Ncy3/Cy5 
Where Icy3’n is the original Cy3 intensity of any spot on the array 
2.2.16 Northern Blot Analysis 
Northern Bolt analyses for some selected genes were carried out to verify the 
validation of the microarray data. Two |ig of total RNA extracted from super hybrid 
rice seeds at 3, 6, 10，15 and 20 DAF were loaded on the same denature gel and 
separated by gel electrophoresis in 1 X MOPS-EDTA buffer. The RNA samples were 
then transferred to positively charged nylon membrane by VacuGene XL Vacuum 
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Blotting System. Basically, the gel was appropriately fixed on the apparatus and 
vacuum were applied to the assembly in all steps. Water was added to wash the gel for 
5 minutes. The following solutions were added to cover the gel in the order indicated: 
alkaline solution (50 mM NaOH, 10 mM NaCl) for 10 minutes, neutralization 
solution (0.1 M Tris-Cl pH 7.4) for 10 minutes and Transfer solution (20 X SSC) for 
1.5 hours. After that, RNA on the membrane was immobilized by crosslinking using 
C4 program at 250 mJ. Prehybridization and hybridization with probes were 
performed at 50°C for 3 hours and more than 16 hours, respectively, in hybridization 
solution. The other steps for dectection were the same as described in Section 2.2.3.3. 
Model GS-690 Imaging Densitometer (Bio-Rad) was used to quantify the results of 
northern blot. The intensity of desired band for each stage of individual gene was 
identified and a curve graph of the expression pattern for each gene of interest was 
drawn. 
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Chapter 3 Results and Discussion 
3.1 cDNA Libraries 
3.1.1 cDNA Library in Phage 
Total cDNAs were synthesized (Figure 3-1), fractionated (Figure 3-2), ligated to 
vector TriplEx2 and packaged in X phage as described in section 2.2.2.1. The library 
was titered to be 2.3x10^ pfu. The average insert size of the library was about 800 bp, 
ranging from 200 bp to 1,600 bp. The recombinant rate for this library was 85%. 
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Figure 3-1. Electrophoresis of synthesized ds cDNA. 5 |il of 
the second strand synthesis product from section (2.2.2.1) was 
analyzed on a 1.1% agarose/EtBr gel alongside a 1 kb plus 
DNA size marker. Most of the cDNA fragments ranged from 
100 bp to 900 bp 
m i m a a ^ ^ M i 
Figure 3-2. Electrophoresis of fractionated cDNA. Three |li1 of 
each fraction was electrophoresized separately in adjacent wells 
on a 1.1% agarose/EtBr gel at 150 V for 10 minutes. Fractions 7， 
8 and 9 containing the largest cDNAs were pooled and 
precipitated. 
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3.1.2 cDNA Library in E.coli 
In order to obtain longer inserts, a new cDNA library in E.coli. was constmcted as 
described in section 2.2.2.2 using a different method. The yield of cDNA synthesis 
was estimated by plate spotting assay (Figures 3-3, 3-4). The titer of this library was 
5.61 xlO^ cfu in 11.2 ml freezing medium. The average insert size was 1.1 kb, ranging 




Fraction Volume of cDNA 
^ J ^ ^ B ^ ^ ^ ^ n ! ^ ^ …丨） ） (ng) 
J l ^ D f l D B B ^ 
7 3 8 1 3 8 
i ^ W I I H I - 1 - - : 
cDNA 
Figure 3-3. Estimation of cDNA yield using plate spotting assay. 1 ul of each 
fraction and markers were spotted on an agar plate and stained by SYBR Gold Nucleic 
Acid Gel Stain. The concentration of fractionl-12 was determined and fractions 6，7, 
and 8 containing a total of 152 ng cDNA were pooled together. 
•
Figure 3-4. cDNA yield 
estimation using plate 
spotting assay (Con.) The 
pooled cDNA yield were 
estimated by plate spotting 
assay. 1 ul of 1:10 and 
1:20 diluted pooled 
sample was stained by 
SYBR Gold Nucleic Acid 
Gel Stain. The concentration of tsample was determined tobe 25 ng/^ l. Atotal of 100ng of cDNA was us inth  BP rec mbinatior action. 
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Figure 3-5. Estimation of average cDNA insert size by BsrG I 
Digestion. 0.2-2.0 jig of plasmids from 24 clones and vector pDONR222 
as control (C)were digested with 5 unit of BsrG I for 1 hour in a 25 )il 
reaction volume. The reaction mix was then analyzed by electrophoresis 
in a 1.1 % agaros/EtBr gel along side a 1 kb plus marker. 
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3.2 Statistic Data of Screening and Single-pass Sequencing 
Because developing rice seeds contain highly abundant mRNAs such as those derived 
from genes encoding storage proteins, probes representing them were employed to 
screen the cDNA libraries. For the phage cDNA library, after prescreening (Figure 
3-6)，52% (276/530) of clones gave positive signal. A total of 11520 clones giving 
negative signal were selected for PCR amplification (Figure 3-7). For 5082 clones 
with a single band equal to or more than 500 bp were selected for sequencing. A total 
of 4,601 (90.5%) sequences of high quality and having more than 251 bp were 
generated and kept in a FASTA file, which contains 4409 runs from 5' end and 192 
from 3' end. For the E.coli, cDNA library, a total of 3435 clones giving negative 
signal were subcultured and plasmids were extracted from these clones. After 




i i^ ... . ,. .. ,, , 一 
Figure 3-6. An example of prescreening. Probes of storage protein 
genes (15-25 ng/ml) including: Gtl, Gt2, Gt3, GtBl, GtB2, GtB4, Rp5, 
Rp6. Prolamin?, lOkd prolamin, Ra5, Rail, Prolaminl4, Prolaminl?, 
low molecular weight globulin genes were mixed together to hybridize 
with the membrane. After detection, spots giving positive signals (black 
ones) were identified to be storage protein genes and excluded from 
further processes. 
2.okb 
Figure 3-7. Gel electrophoresis of the PCR products from the 
phage library. PCR products (5 |il) were analyzed on a 1.1% 
agarose/EtBr gel along side a 1 kb plus DNA size marker 
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3.3 Genes Expressing in Developing Rice Seeds 
To obtain the gene expression profile in developing rice seeds, the first step is to 
obtain as many as possible genes to form an EST collection from rice developing 
seeds. This has been accomplished in this study by the successful sequencing 7,226 
cDNAs, of which 4,601 were from the cDNA library in phage and 2,625 from the 
cDNA library in E.coli. The quantitative information of the EST collection from a 
specific organ, in most cases and within statistical limitations reflects the relative 
abundance of its expressed transcripts. For this purpose, each sequence was 
searched against non-redundant protein database of NCBI GenBank by BLASTCL3. 
The top scoring hits were automatically extracted from the BLASTX results and 
manually assigned into different categories according to their predicted functions. 
With the number of clones falling into each class shown in Tables 3-1 and 3-2，it is 
not difficult to draw a full-scale but simple picture of the genes expressed in 
developing rice seeds. 
Though prescreened with probes of storage protein genes, there were still a 
considerable number of ESTs (26.47% and 26.78%, respectively, for the phage and 
E.coli libraries) encoding for storage proteins which represent the largest group of the 
EST data set. Those sequences with BLASTX score less than 100 were grouped under 
"Non-significant homology" (NSH), indicating that there were no significant 
homology between the proteins in public database and the translated product of this 
class at the time of analysis. Because the low quality sequences (< 250 bp) had been 
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screened out and the class "unidentified function" (UF) contains sequences with 
significant similarity to the proteins in the public database for which no function is 
known. The NSH and UF classes occupy approximately 35% of clones which require 
further experimental confirmation. The NSH groups of these two libraries vary very 
greatly (19.65% in the phage library and 8.72% in the E.coli. library), which may be 
due to the different time of analysis. The phage EST set was BLAST-analyzed in 
October 2003, whereas the one from the E.coli. library was done in June 2004. With 
the continuous development and enrichment of the public database, repeated 
submission of our EST data to the public database will result in less uncertainty. The 
difference between these two EST data sets will be addressed in the disscussion 
section. It also needs to be pointed out that many of the sequences assigned in the 
other groups with "predicted" "hypothetical" or "putative" functions are due to the 
fact that relatively few of the GenBank entries had been verified by traditional 
experiments. Besides the dominant Storage Protein, NSH and UF classes, 
"carbohydrate metabolism" (C), (6.00% and 10.63%, respectively) "ribosome, protein 
translation" (RB) (5.91% and 3.50%, respectively) and "signal transduction (kinase, 
calmodulin, etc.)" (STD) (3.48% and 3.09%, respectively) prevail in the rest of the 
clones. According to the contents of major storage compounds in rice mature seeds 
(wt%), it is not surprised to obtain such an experimental result. As a storage organ, 
rice mature seeds accumulate more than 85% of starch, about 10% of storage protein 
and about 3% of lipid with little variation between varieties. Starch is the final 
product of the carbon flow in developing rice seeds, which involves a series of 
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biosynthetic pathways and enzymes. Those ESTs encoding these enzymes constitute 
the major part of the ESTs in class C. 10% dry weight of storage protein requires quite 
active protein synthesis during rice seed development, which needs large amount of 
"assembly machine" ribosomes and some other post-transcriptional regulators. A 
considerable number of ESTs is involved in STD and encodes some kinases (e.g. 
calcium-dependent protein kinase), phosphatases (e.g. putative protein phosphatase) 
and other signal proteins (e.g. GTP-binding protein and GDP-binding protein) which 
function as triggers and controllers of rice seed development. 
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Table 3-1. Classification of ESTs of phage library according to 
predicted functions. The clone number of ESTs and the corresponding 
percentage of total in each category are listed in (A). A more readable 
pie chart is provided in (B). This classification is based on description 
of the highest scoring hits of BLASTX searches against the 
non-redundant GenBank protein database. NSH，ESTs with BLASTX 
scores (high scoring segment pairs) < 100; UF, ESTs with BLASTX 
scores > 100 but no function is known. 
Code Description count percentage 
AA cimino acid met abo 1 i sm _ 86 ‘ 1.87 
AL •llercervic protein 12; 0. 28 
C carbohydrate metabolism 276^  6. 00 
CDC cell division crcle 4 0. 09 
CHP chaperoniix, heat slu)ck, foldine 32 0. 70 
CSK C 7 t o s k e l e t o u 46 1- 00 j 
CW cell wall •...‘..., 29: 0. 63 ； 
D defense, disease ^ 62 1.35 
DEV development I 78^  1. 70 
DKA DNA modi frinc enzrmes 丨 Ji! 1. 17 
ER tzxdopl&smic ret cular prot eiiis 2 0. 04_ 
HDR hormone biosrnthet i c exvzxmes 4 0. 09 
L lipid metabolism 38. 0. 
KT membrane^  i raixsport ers^  receptors j 75 1 • &3 
NX H metabo 1 i sm j 7十… 0. 15 
A hSH non-sicnifihomolocr 904, 19.65 
HUC nuc 1 eus j 8 0-17 
KUK nucleotide met&bolism 9' 0. 20 
OX oxTcen detoxifriixE enijmes. peroxidases 28^  O； SI 
PA proteinases, ubig.ue11 n 831 1； BO 
PS photosjnthesis _ — 賞 23- 0. 50 
M ri bo some, protein translation I 272^  5； 31 
.MA ftctinc on RHA ’ Soj 1. 30 
KR Iribosoma1 RNA 2: 0. 04 j 
RS respiration^ j 35+ 0. 7B ！ 
SEX secondary metftbolism — ——加 “ 一 — —£二?„9.—. 
SK S-metabolism j e 17 
SP storcce protein — 12181 26.4? | 
STD sine&l t rcnsduet ion (kiixases, calmodul irO 160^  3. 48 ： 
T transcription factors 641 1. 39 ^ 
TON t onop l*st 1 ' 
TRF tr&ffickii\E 13 0. 28 
UF unidentified function 卜 893 _ 19.41 | 
totAl “ 4S01 100.00 
• AA • AL I 
• C • CDC 
/ BCHP mCSK 
/ f/A^k. • CW 
/ / M ^ L BDEV 
/ f / J B ^ ^ DER 
/^ H^^^H/ mkK^^ "mt 
3 ' ' ‘ HNUC DNUM 
\ DOX 
\ \\ DRR DPS 
\ \ \ • RB • RNA 
\ l\ HRS EDSEM 
\ l \ DSM DSP 
| \ 口 STD ST 
a i - - ^ . TON m TRF 
• UF 
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Table 3-2. Classification of ESTs from E.coli library according 
to predicted functions. The clone number of ESTs and the 
corresponding percentage of total in each category are listed in 
(A). A more readable pie chart is provided in (B). This 
classification is based on description of the highest scoring hits of 
BLASTX searches against the non-redundant GenBank protein 
database. NSH, ESTs with BLASTX scores (high scoring 
segment pairs) < 100; UF, ESTs with BLASTX scores > 100 but 
no function is known. 
1 Cod« ] Cod*. D t i c r i p t i o n 1 CaxintOGST nime [ Perc8i\t«6« 1 
JAA tinino >cid mtttbolism 50 1. 90%[ 
AL ai t rnnic pro-.»in 171 6. 51% 
C curboKydrkte nttabolism 279 1 0. 63% 
.:CDC ctll diviiion cycle 4 0. 15%! 
CHP ch»ptroiiin, he»t jhock, folding I 25 0. 95%i 
CSK cytoikfl.toix 25-0^95%' 
^ C W c t l l w t l l I 4 “ 0 . 1 5 % 
] d d t f t n s t , d i s e » t ； — ‘ "‘ 4 3 i 1 . 5 4 % i 
jDEV .^ dtvslopnunt ....::�::.:..:. gT 1. 03% 
I DNA DNA nodifyinc •niyn.s I 2B 1. 07%； 
JER endopltsmic re:cul«r proteins | 2 0. 08% 
JHDR hormone biosjm-.helic enzymes I 5 0. 19%： 
. L l i p i d m . t氤 h o l i s m i ‘ ” 4 3 ' 1 . 6 4 % 
"lea 1.. ； 3’ 0. 11% 
_ H T imiiibrint, t r u i s p o r t t r s ^ r t c c p i o r s ‘ 3 8 1 . 4 5 % 
..NH H m t t t b o l i m i 8 0 . 3 0 % 
A JMSH non-si jni ficun: homoloey 229 8 . 72% 
^ IhUC n u c l t u s 6 0 . 2 3 % i 
IhUM nucleotide meUbolis^  ::—::..::.… 4丨 0. 15%' 
J OX oxyjtn detoxifyine tniymei, peroxidases 12 0. 46% 
JP久 proteintxes, uWquctin 53 2. 02% 
PS photoxyntK.sii ” ； 11 0. 42%: 
RB riboiomt, protiin tru;isl«tion • 92 3. 50% 
. R N A t c l i n e o n R M A ' J ' 3 8 1 . 4 5 % 
RS r«spir»lioiv 10 0. 38% 
SEH secondu-y mcttliolism ‘ 9 0. 34% 
SH S-mel.bolisn. . 2 0, 08% ；SP slortee protein ' 703 26. 78% 
JSTD lingtl truxiduction Ckintsti, cilmodulin) 81 3. 09%： 
;T tr4ii»cription :*ctors 26 0. 99% 
ItOK tonopliil _ i Bi 0. 30%] 
] T R F I r . f f i c k i n j 4 0 . 1 5 % 
JUF unidintifiid fuiction 562 22. 17% 
j total J 2625 1 00. 00%, 
• AA B AL 
SDC DCDC 
• CHP • CSK 
• CW • D 
• DEV • DNA 
• ER EDHOR 
• L -LEA 
• NSH DNUC 
E： E a 
URS • SEM 
DSM DSP 
• STD HT 
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3.4 Novel ESTs in the Seed EST Set 
j 
To evaluate how many novel, seed specific ESTs were present in our EST collection, 
the whole 7,226 ESTs in the two data sets were compared against the rice EST 
database (containing 65,313 sequences) available at http://riceblast.dna.affrc.go.ip/. 
1,480 (20.5%) ESTs including 938 from the phage library and 542 from E.coli. library 
showed BLASTN scores (bits) less than 100, indicating that approximately 20% of 
our EST collection is not represented in the well-recognized rice EST database and 
many of them may therefore be candidate genes specifically expressed in the rice 
developing seeds. However, this specificity requires further elucidation. 
3.5 Unique Genes in the EST Set from the Phage cDNA 
Library 
Multiple ESTs may derive from the same gene. PHRAP analysis gave us an 
estimation of unique gene number represented in the phage EST data set. 2,828 
(61.5%) of 4,601 ESTs from the first phage cDNA library were assembled into 578 
contigs，while 1,773 (38.5%) remained as singletons. Thus, the maximal unique gene 
number is 1,773 + 578 = 2,351. In most cases, one gene may generate many mRNA 
which may produce more ESTs in the library of different lengths. These ESTs will be 
assembled into the same contig representing that gene. However, a false +ve report 
may occur when the "overlapping" part cannot be found which results in an over 
estimation; on the other hand, the low quality sequences may cause those ESTs from 
different family genes with high homology to be assembled into the same contig 
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leading to an under estimation of unique genes. 
3.6 Mapping ESTs onto Rice Genome 
As described in the previous section, due to the impersonal limitation of the method 
used in the determination of the exact gene number represented by ESTs, 
misassemblies will inevitably be present in the results. It is very important for credible 
results to reduce such mistakes. Theoretically, the ESTs derived from the same gene 
would be located on the same position when mapped onto rice genome. Particularly, 
they should be significantly similar to a segment of sequences of the same BAC or 
PAC clone of rice genome. Therefore, to provide location information for most ESTs 
on the physical map of rice genome, BLASTN searches were performed to compare 
the whole EST dataset against the rice genome database in RiceBLAST. Top scoring 
hits were categorized according to their locations on rice chromosomes (Table 3-3). 
Any misassemblies in the PHRAP analysis were manually parsed and corrected 
according to the principle that ESTs encoding for the same gene should be located on 
the same position of the same chromosome. 
There were some other interesting findings in this analysis. Chromosome 7 appears to 
be the most active at the transcriptional level. ESTs from chromosomes 2, 3, 5 are also 
very abundant. The situation of the EST data set from the E.coli. library seems to be 
the same, except for some variation between percentages of chromosome (Figure 3-7 
B ) . 
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Another question is that how those most abundant ESTs encoding for storage proteins 
(SPs) distributed on the rice chromosomes. To find out the answer, we mapped the 
ESTs of SP group from the phage EST data set onto rice genome (Table 3-3 C) and 
found that about half (332) of the ESTs derived from chromosome 7 represent storage 
proteins. As a matter of fact, these ESTs were from 3 storage protein genes including 
Rp5, Rp6 and low molecular weight globulin. Besides, no transcripts of storage 
protein genes were from chromosomes 4, 8，and 9. 
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Table 3-3. Mapping ESTs onto the Rice Genome. (A), 
mapping ESTs of phage library onto rice genome; (B), 
mapping ESTs of E.coli. library onto rice genome. (C), 
mapping ESTs of SP group onto rice genome. The clone 
number of ESTs and the corresponding percentage of total 
on each chromosome were listed. NSH, ESTs with 
BLASTN scores (bits) < 100; UF, ESTs with BLASTN 
scores > 100 but unknown location on rice genome. 
Code code description Count |Percentage 
CHRDl chromosome 01 i: 435 9- 45 
C H R D 2 c h r o m o s o m e 0 2 j 5 3 0 H • 5 2 — 
CHRD3 chromosome 03 丨 582 12.55 
CHR04 chromosome 04 | 226 4.91 
CHR05 chromosome 05 I 510 H . 0 8 
CHR06 chromosome OB I 435i 9.45 
A CHRD7 chromosome 07 14.39 
CHRDB chromosome 08 259[ 5.63 
CHRDG chromosome 09 136丨 2,96 
CHRIO chromosome 10 169f 3.BT 
CHRll chromosome 11 201 4.37 
CHR12 chromosome 12 34?' T； 54 
NSH noi\-si gni fi cant homology 74 1.61 
UI unidentified 35 0.76 
totftl I 4B0l' 100.00 
} code cQde_dfescription count o£ EST percenhge 
jCHROl chromosome 01 219 8 . 3% 
CHRD2 chromosome 02 324 1 2 . 3% 
CHRD3 chromosome 03 j 308 1 1 
CHRD4 chromosome 04 120 4 . 6% 
CHRD5 chromosome 05 j 379^ 1 4 . 4 V 
C p D 6 chromosome 06 _ _ | 1 7 1 | " 6 . 5%. 
r> CHRD7 chromosome 07 — ! — . — 505 1 9 . ^ 2 ^ 
CHRD8 chromosome 08 j 107. 4 . 
CHRD9 chromosome 09 j 95. 3 . 6%^ 
CHRIO chromosome 10 | 130 ^ 5 . 0% 
CHRll chromosome 11 85 3 . 2% 
CHR12 chromosome 12 114 4 . 3% 
H S H n o n - s i g n i f i c e n t h o m o l o g y 2 5 1 . 0 % 
UI u n i d e n t i f i e d 43j 1 . 6 % 
Tot^ ： 2625' 100. 0% 
Contic I Chroaoion* 一— J jncription | Cod« [Count. 
ConUC&28 (DJ1527.H12) chr06 n0451bp ‘ prolwin SP 233 
Cenlis&32 Cr0S03B05) chrOZ 37.0-37.4cM 157309bp c^uUlin precursor SP ^ 11 
ConiigBI (pJUlR-COe) chr07 « IcM 102317bp U « iioltculv »,icU tlohulin SP •! 
Conti|^9B U E 0 1 7 0 9 O chrlO 324367bi> GLUTEUN H P E II PRECURSOR SP 10 
Cenli|^8 (DSJKStOOeOIOe) chrll 丨978明bp 10 kDk proltnin prtcurior SP 15 
C o n U i S U CP0512C01) eKrOl 132. OcH I7&261bp sluttlin lyp* I prtcuripr SP 16 
CConlijBlT ff0693E0e) chr02 <3. <-47. Be* 1566Slbp GLUTEUM PRECimSOR SP 26 
Cenli|61fl OQSJW«DOUK12) chrQ2 37.4-39 SHI 丨OBTOTbp CLlfTEUK PRBCUKSOR SP 64 
ConliglWS COSJKBiDOSlUB) chrOS U97aibp, (JDJlOOS.DtM) chrOS U9iprol«.in 7 SP 169 
Ceniig&29 (DSJVBk0063n5) chr03 丨 369l6bp fluWlin SP IB 
Conltc&24 CP0S74ri2) cKr02 1537nbp cluUlin SP 57 
Contii^ft (0SJKB«O079BtS) chrOa 15909ll>p 10 kDt prolMtn prtcurior SP 120 
Coftli«B2丨（DJ丨丨丨chrDT TM2飞cK 丨»790bp RTB iSP 57 
Conlii^T (XU1119一KM) chrOT 41 7-42 BcM t26790bp RP5 SP 268 
(PSJW10054114) chr丨2 I W O W b p prolwin SP IBS 
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3.7 The Most Abundant Transcripts Reflected by EST 
Redundancy 
The number of ESTs assembled into the same contig indicates the overall expression 
level of the representive gene. Contigs with more than 8 ESTs as well as their count 
numbers of ESTs are listed in Table 3-4. These contigs represent the most active genes 
expressing during rice seed development. The description for each contig and the 
category to which it belongs are also provided. 
Among these contigs, 13 of them were assigned to the SP group which has been 
predicted to be the most abundant group in the classification of ESTs. The prolamin 
genes, including Rp5, prolamin 7，and 10 kd prolamin, are the most active genes in 
the SP group. Results from other early researches support this finding. For instance, it 
was reported that the prolamin gene family includes 80-100 copies in the rice haploid 
genome (Kim and Okita, 1988)，whereas the glutelin gene family has only 10. 
However, very interestingly, inspite of their dominant ESTs, prolamins are much less 
abundant than glutelins at the protein level. It was reproted that the translation 
efficiency of the glutelin transcripts is much higher than those of the prolamin 
because the glutelin mRNAs are capable of binding to membrane-bound polysomes 
(MB polysome) with high efficiency, which helps to form translation initiation 
complex. Furthermore, it has to be reminded that the count numbers of ESTs encoding 
these storage protein genes have been biased due to the prescreening process. Without 
prescreening, the count of ESTs in this group would have been increased greatly. In 
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group C, the most abundant ESTs are those encoding for pyruvate, phosphate dikinase 
precursor (PPDK), which is known for its important role in C4 photosynthetic 
pathway. There are two forms of PPDK, the cytosolic form and chloroplastic form. 
From the functional description we cannot identify the exact form. It was speculated 
that the cytosolic PPDK probably exists in the non-photosynthetic organs of C3 and 
C4 plants (Moons et al., 1998). An early article reported that Cytosolic form of PPDK 
was found in the seeds of maize and various C3 plants (Aoyagi and Bassham, 1984). 
Taking together, the PPDK found in our library may be of the cytosolic form. To meet 
the high demand for the synthesis of starch, which is the major component of mature 
rice seeds, genes encoding for ADP-glucose pyrophosphorylase (AGPase) are highly 
expressed. This gene was reported to be highly expressed in a seed-specific manner. 
Very interestingly, ESTs encoding for the large subunit of AGPase have 13 copies 
while those for the small subunit have only 1. Although early research indicated that 
the large subunits are mainly responsible for allosteric regulation while the major 
function of small subunit is catalytic (Fu et al., 2001), recent research on the large and 
small subunits of the AGPase showed that both of them are involved in allosteric 
regulation of AGPase and the small subunit plays a vital role in the allosteric 
regulation (Cross et al., 2004). These results indicated that the small subunit of 
AGPase is also a key component for the regular function of AGPase. Therefore, 
possible explanations for this phenomenon include that the small subunit may be 
recycled for use so that a small number of mRNA is enough to provide sufficient 
products or it is regulated at post-transcriptional level or translational level. ESTs 
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encoding for starch branching enzyme isofonn 3 (SBE3) and 1, 4-alpha-glucan 
branching enzyme (SBEl) are also abundant. These two genes were identified to be 
highly expressed in rice developing seeds and lack of SBE3 activity resulted in the 
formation of abnormal branched glucans in the amylose-extender mutant of rice 
(Kawasaki et aL, 1993; Mizuno et al., 1993). Our findings agree with the fact that the 
major form of starch in the mature hybrid rice seed is amylopectin. Except for these 
two dominant enzymes, other enzymes involved in the starch synthesis pathway such 
as soluble starch synthase (SSS), granule-bound starch synthase (GBSS) and starch 
debranching enzyme have also been found in the EST data set with one to four copies 
(data not shown). On the other hand, ESTs encoding for protein translation factors, 
elongation factors and ribosomal proteins also have many copies, indicating active 
protein synthesis occurring during rice seed development. S-adenosylmethionine 
synthetase 1 is the only enzyme related to amino acid metabolism with more that 8 
ESTs in the data set. This enzyme synthesizes SAM as the substitute of the polyamine 
biosynthetic pathway. ESTs encoding for another key enzyme of this pathway 
S-adenosylmethionine decarboxylase (Walden et al., 1997) which transfer the SAM to 
decarboxylated S-adenosylmethionine (dSAM) also have 5 copies (data not shown). 
Interestingly, the other enzymes in this pathway are not very abundant or even absent 
in this EST data set. It is possible that the intermediate product of this pathway, dSAM, 
is involved into another biological pathway. 
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Table 3-4. Abundance of ESTs derived from specific genes. 
Contigs with more than 8 ESTs as well as their count numbers of 
ESTs are listed. The description for each contig and the code to which 
it belongs are also provided. 
Contig I descrTption | Code ICovuitl 
Conti g605 S-adenosylmethi onine synthetase 1 AA 12 
ContigBlB pyruvate, phosphate dikin&se (EC 2.7. 9. 1) precursor ,C 22 
Conti g612 tri osephosphete isomerase C 16 
Conti g606 ADP-glucose pyr ophosphorylase C 13 
Conti 6582 ADP glucose pyr opho sphoryl as e largesubuni __ —... i C i 13 
Conti 6599 Glycermldehyde 3-phosphftte dehydrogenase^ cytosoli c 3 . C , 10 
Conti 6&01 4-alpha-glue an. branching enzyme C i 10 
Conti 6596 starch branching enzyme i soform RBE3 C i 9 
Conti g630 «Jnino »cid selective channel protein 1B 15 
Conti6620 germin-like protein _ DEV 42 
Conti6597 DHA BINDING PROTEIN SIFA DNA 9 
ContiglBlB putative BOS ribosomal protein L44 RB 30 
Contig602 EF-1 elpKa RB 23 
Conti6610 40S ribosomsl protein S9 CRPS9C) IrB 19 
Conti 6615 ribosomal protein ST KB 17 
Conti 6631 PROTEIN T R M S I A T I O N FACTOR — iKB 15 
Contig595 putative ribosomal protein L32 RB 9 
Contig627 RP5 丨 SF ........|.......268 
Conti g628 prolamin SP 【 2 3 3 
Conti 6IB23 prolamin ISP 、.— 185 
Conti6625 prolamin 7 SP 169 
Contig626 10 kDa prolamin precursor ！SP 120 
Contig619 GLUTELIN PRECURSOR —:: ISP | —.64 
Conti6624 glut elin — SP 57 
Conti6^21 RP6 — ^ . ~ ~ J s F 5 T 
ContigBl了 GLUTELIN PRECUBSOR "“ .:...::—.:=:—.: SP 26 
Conti 6629 glut el in SP ： 18 
Conti gBl1 glutelin type I precursor .SP I 16 
ContigSOB 10 kDe prolamin precursor S P ！ 15 
Conti6632 glutelin precursor j S P | 11 
Conti 6598 G L U T E U N TYPE II PRECUBSOR = : = = : : : = : : = = : : : SP 广 10 
Conti gB07 cciurn-dependent protein kinase __ STD 12 
Conti6604 F0003D09.9 — ^ ； _ 1 2 
Conti6590 putative NAM protein jUF 9 
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3.8 ESTs and Representive Genes in Different Pathways 
To understand the overall metabolism in developing rice seeds ESTs involved in 
glycolysis (Table 3-5), pentose phosphate pathway (Table 3-6), Krebs cycle (Table 3-7) 
and lipid metabolism (Table 3-8) were grouped together. Specific genes represented 
by the ESTs and their EST copy numbers were also shown. For the glycolysis 
pathway, a total of 127 EST, were present, representing 30 unique genes, 14 of them 
had only one EST. All of these ESTs, except for 1 encoding for 
glucose-6-phosphate/phosphate translocator, were assigned into the "carbohybrate 
metabolism" class (C). Pentose phosphate pathway had only 7 ESTs standing for 6 
genes. In the Krebs cycle, 25 ESTs representing 15 genes were present. Besides, all 
the ESTs related to pentose phosphate pathway and Krebs cycle belong to C class, 
implying the importance of the ESTs involved in the C class. 18 ESTs involved in 
lipid metabolism representing 15 unique genes were recorded. According to the EST 
number and unique gene number involved in these four pathways (Figure 3-8), it 
appears that, glycolysis is the major carbon flow in rice developing seeds. However, 
glycolysis is a pathway that degrades sugar, while rice seed is a storage organ which 
accumulates sugar in form of starch. It seems contradicting that a storage organ would 
have a sugar-degrading pathway as the major carbon flow. To find out what is 
happening, it is necessary to take a deeper look at those ESTs involved in these four 
pathways in a systematic and correlated manner. 
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Table 3-5. ESTs involving in Glycolysis. Contigs, its description and count 
number of ESTs as well as the code to which it belongs are provided. Blank 
stands for singletons. Some contigs only have one EST, means this EST may 
have some similarity with another, but it is not significant enough to group them 
together in the same contig. 
Contig Description Count Code 
aldolase -related 1 C 
putative pyrophosphate-fructose 6-phosphate 1 -phosphotransferase alpha subunit 1 C 
phosphoenolpyaivate carboxykinase 1 C 
putative fructose-bisphosphate aldolase 1 C 
dehydrogenase El beta subunit 1 C 
putative transaldolase 1 C 
putative plastidic glucose 6-phosphate dehydrogenase 1 C 
pyruvate kinase-like 1 C 
putative Pyruvate kinase isozyme A, chloroplast precursor 1 C 
137 chloroplast phosphoglycerate kinase 1 C 
226 putative trioscphosphate isomcrase 1 C 
234 pyruvate dehydrogenase El beta subunit isoform 3 2 C 
319 putative 2,3-bisphosphoglycerate-independent phosphoglycerate mutase 2 C 
338 Glyceraldehyde 3-phosphate dehydrogenase, cytosolic 4 C 
34 ADP-glucose pyrophosphorylase small subunit 1 C 
408 glucose-6-phosphate/phosphate translocator 2 MT 
449 Pyruvate decarboxylase isozyme 2 3 C 
462 pyruvate dehydrogenase El alpha subunit 3 C 
467 fructose-bisphosphate aldolase (EC 4.1.2.13) isoenzyme C-1 ’ cytosolic 3 C 
579 putative glyccraldehydes 3-phosphate dehydrogenase 6 C 
582 ADP-glucose pyrophosphorylase large subunit 11 C 
586 Phosphoglycerate kinase, cytosolic 6 C 
589 UDP-glucose pyrophosphorylase 2 C 
599 Glyceraldehyde 3-phosphate dehydrogenase, cytosolic 10 C 
606 ADP-glucose pyrophosphorylase 13 C 
612 trioscphosphate isomerase 16 C 
616 pyruvate, phosphate dikinase (EC 2.7.9.1) precursor 19 C 
71 putative phosphoenolpyruvate carboxylase 1 C 
84 probable phosphoenolpyruvate carboxylase (EC 4.1.1.31) 1 C 
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Table 3-6. ESTs involving in Pentose phosphate pathway. Descriptions 
are as in Table 3-5. 
Contig Description Count Code 
277 phosphoglucomutase 2 C 
putative beta-phosphoglucomutase 1 C 
putative plastidic glucose 6-phosphatc dehydrogenase 1 C 
putative plastidic phosphoglucomutase 1 C 
putative ribose-5-phosphate isomerase 1 C 
putative transaldolase 1 C 
Table 3-7. ESTs involving in Krebs cycle. Descriptions are as in Table 3-5. 
Contig Description count Code 
putative 2-oxoglutarate dehydrogenase, El subunit 1 C 
putative pyrophosphate-fructose 6-phosphate 1-phosphotransferase alpha subunit 1 C 
NADP-specific isocitrate dehydrogenase 1 C 
putative succinate dehydrogenase flavoprotein alpha subunit 1 C 
putative 2-oxoglutarate dehydrogenase, El subunit 1 C 
ATP citrate lyase a-subunit 1 C 
putative malate oxidoreductase, 5'-partial 1 C 
Similar to ATP-citrate-lyase 1 C 
NADP-specific isocitrate dehydrogenase 1 C 
Malate dehydrogenase [NADP], chloroplast precursor 1 C 
putative NAD-malate dehydrogenase 1 C 
323 2-isopropylmalate synthase 2 C 
495 putative malate dehydrogenase 2 C 
534 aconitate hydratase (citrate hydro-lyase/aconitasc) [cytoplasmic], putative 2 C 
593 cytoplasmic malate dehydrogenase 8 C 
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Table 3-8. ESTs involving in lipid metabolism. Descriptions are as in Table 
3-5. 
Contig Description count Code 
putative Ca2+-dependent lipid-binding protein 1 L 
putative acyl-CoA synthetase 1 L 
nonspecific lipid-transfer protein 4 precursor (LTP 4) 1 L 
putative sulfolipid synthase 1 L 
probable cnoyl-[acyl-carrier-protein] reductase (NADH2) (EC 1.3.1.9) 1 L 
probable l-acyl-glycerol-3-phosphate acyltransferase 1 L 
probable long-chain-fatty-acid-CoA ligase (EC 6.2.1.3) isoform 1 1 L 
173 putative sulfolipid synthase 1 L 
292 putative long-chain acyl-CoA synthetase 1 L 
336 Acyl carrier protein III，chloroplast precursor (ACP III) 2 L 
361 putative acyl-CoA-binding protein 2 L 
421 putative stearoyl-acyl-carricr protein desaturase 2 L 
450 putative acyl-CoA-binding protein 3 L 
140 — —- 1 
120 
100 H ® ^ ^ 
n f 1 •Count of 
8 0 H G 1 EST 
6 0 H B h j 
4 � _ ； I m count of 
TT-i ‘ , , , . I unique 
二 jBlij . . i ^ t e ^ • Wkn • IBBTI 
G l y c o l y s i s P e n t o s e K r e b c y c l e L i p i d 
p h o s p h a t e m e t a b o l i s m 
p a t h w a y 
Figure 3-8. Summary of the glycolysis, pentose phosphate, Kreb Cycle and 
lipid metabolism pathways. Glycolysis, 127 ESTs, 29 unique genes; pentose 
phosphate pathway, 7 ESTs, 6 unique genes; Krebs Cycles, 25 ESTs, 15 unique 
genes; lipid metabolism, 18 ESTs, 13 unique genes. 
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3.9 ESTs Involved in Carbon Flows 
Grouping all the above information together, a diagram (Figure3-9) could be drawn 
representing the reactions which may exist in the metabolic pathways in a developing 
rice seed. At a glance, sucrose synthase (Figure 3-9，the first white ellipse 19) and 
ADP glucose pyrophosphorylase (Figure 3-9, the second white ellipse 25) are the two 
enzymes with the most abundant (19 and 25, respectively) ESTs. The sucrose 
synthase degrades sucrose to provide carbon source and the ADP-glucose 
pyrophosphorylase produces ADP-glucose as substrate for starch synthesis. These 
data thus indicate the major carbon flow during rice seed development. Sucrose is 
degraded into glucose-1 -phosphate or glucose-6-phosphate, which will be imported 
into plastid to provide resource for starch synthesis (Figure 3-9, hollow arrows). 
Although the ESTs encoding these enzymes are grouped into the the glycolysis 
pathway, as a matter of fact, they do not belong to that pathway because strickly 
speaking, glycolysis refers to the catabolic pathway by which a molecule of glucose is 
broken down into two molecules of pyruvate. Therefore, the major carbon flow in rice 
developing seed is the upper stream reactions of glycolysis producing glucose. And 
most of them will be used to assemble starch, while a minor part will be for glycolysis 
which forms another carbon flow. 
In the rice mature seeds, a minor amount of lipid (about 2% dry weight) is also 
accumulated. A question has been raised as to what extent both cytosolic and plastidic 
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glycolytic pathways are utilized to produce the material pyruvate for the synthesis of 
lipid. Plants indeed have a complete glycolitic pathway in the cytosol (Plaxton, 
1996b). However, from the BLASTX results, the locations of most of the enzymes 
involved in the downsream of glycolysis such as phosphofructokinase, aldolase, 
phosphoglycerate mutase，enolase and pyruvate kinase are not known so far, it is very 
difficult to identify whether carbon goes through the cytosolic glycolysis or plastidic 
glycolysis. One enzyme named glyceraldehyde-3-P dehydrogenase which transfers 
the glyceraldehyde-3-P to 1，3-bisphosphoglycerate was found to exist only in the 
cytosolic form with a very high level (Figure 3-9, white ellipse). Therefore, it is 
probable that the hexose goes through the cytosolic pathway then becomes two 
molecules of PEP, which are transferred to malate and imported into plastid for lipid 
synthesis. This may be the minor carbon flow (Figure 3-9，hollow arrows) in rice 
developing seed. During this process, a small part of the energy of the glucose 
molecules is converted in the form of ATP which may function as direct energy source 
for rice seed development and germination. 
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Figure 3-9. Schematic representation of the metabolic pathways which may 
exist in rice seed cells (Plaxton, 1996a; White et al, 2000). The numbers between 
two molecules represent the number of ESTs encoding for the enzyme catalyzing 
this reaction. White, cytosolic form; purple, plastidic form; red, location not 
identified. Hollow arrows indicate the two carbon flows existing in rice developing 
seeds. The major enzymes of the pathway, A, sucrose synthase; B, ADP-glucose 
pyruphosphorylase; C，glyceraldehyde-3-P dehydrogenase. All the abbreviations are 
conventional. 
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3.10 Microarray Configuration and Contents 
PCR product of cDNAs representing 2,251 unique genes and 3 controls were divided 
into 16 blocks containing two sets of completely identical samples and spotted onto 
slides (Figure 3-10). The contents of the microarray are listed in Table 3-9. 
l i h h l i l i M ^ 
HHHlgljglglglg _ 
Figure 3-10. Configuration of super hybrid rice seed cDNA 
microarray. One white square stands for one block. There are 
totally 16 blocks on the microarray, and the upper and lower ones 
separated by the black line are identical duplicates. 
Table 3-9. Contents of super hybrid rice seed cDNA microarray. 
Gene Number 
Ampf (external control) 1 
50% DMSO (negative control) 1 
Actin (internal control) 1 
Rice genes 2350 
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3.11 Quantification of Total RNA from Seeds at 5 Developing 
Stages 
Before using microarray to determine the expression profiles of genes in developing 
super hybrid rice seeds, accurate quantification of total RNA is a prerequisite. For this 
purpose, total RNA extracted from super hybrid rice seeds at 5 developing stages were 
quantified by O.D. measurement as well as denaturing gel electrophoresis. Figure 
3-11 shows the results of denaturing gel electrophoresis of the quantified total RNA 
samples used in the microarray experiments. 
WSM 
Figure 3-11. R N A denaturing gel electrophoresis of 
total R N A from 5 developmental stages. 2 |ig of 
each RNA sample was loaded alongside each other in 
a 1.1% RNA denaturing gel. 
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3.12 Quality Test of External Control 
After hybridization, detection and scanning, as expected, those Amp'' spots on the 
slide hybridized to the system A did not give signal, while on the slide treated with 
system B, very strong yellow signal was visualized (Figure 3-12, white arrows). 
These results proved the expected quality of the external controls in the application. 
I l l 
• H M M H H I 
A 
B 
Figure 3-12. Scanning results of quality test on Amp『 
gene as external control. White arrows indicate the 
positions of the Ampf spots. 
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3.13 Scanning of Array Hybridization 
The microarrays were hybridized to different combinations of probes as. To provide a 
constant reference for all hybridizations, 10 DAF total RNA sample was selected as 
reference to compare with the other stages respectively because at this mid 
developmental stage, the seeds are highly active in metabolism with a high proportion 
of expressed genes. Example results for the four hybridizations are presented in 
Figure 3-13. 
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Figure 3-13. Scanning of microarray hybridization. (A) Total RNA from 10 
DAF labeled by biotin (red) compared with 3 DAF labeled by FL (green); (B) 
Total RNA from 10 DAF labeled by biotin (red) compared with 6DAF labeled by 
FL (green). 
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Figure 3-13. Scanning of microarray hybridization (con.). (C) Total RNA from 
10 DAF labeled by biotin (red) compared with 15DAF labeled by FL (green); and 
(D) Total RNA from 10 DAF labeled by biotin (red) compared with 20DAF 
labeled by FL (green). 
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3.14 Reproducibility of Technical Duplicates 
Theoretically, since the samples of the technical duplicates on the microarrays are 
completely the same, after hybridization, the fluorescent signals from these two sets 
should be the same if the hybridizaiton is completely even. A parameter named 
Pearson Correlation Coefficient (r) was introduced to address this problem. R value 
for the technical duplicates on each array was calculated to assess the reproducibility 
of the two data sets. The values of the Pearson correlation coefficient should be 
ranging from -1 to 1. When r is equal to -1，1 or 0，it means that the two sets of data 
are negatively related, positively related or totally unrelated, respectively. In practice, 
r values for data generated from parallel experiments should be between 0 and 1 • The 
r values for the four microarray experiments in this study are listed in Table 3-10. 
Table 3-10. Pearson Correlation Coefficient values for microarray 
hybridization. 10Bx3F, 10 DAF RNA sample labeled with biotin compared 
with 3 DAF RNA sample labeled with FL; 10Bx6F, 10 DAF RNA sample 
labeled with biotin compared with 6 DAF RNA sample labeled with FL; 
10BX15F, 10 DAF RNA sample labeled with biotin compared with 15 DAF 
RNA sample labeled with FL; and 10Bx20F, 10 DAF RNA sample labeled 
with biotin compared with 20 DAF RNA sample labeled with FL 
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3.15 Summary of Gene Expression Profiles in Developing 
Super Hybrid Rice Seeds 
The ratio values of the 4 hybridizations of the 2251 genes were imported into an 
Excel file along with the functional description and BLASTX scores, respectively 
(Attached CD). Since 10 DAF stage was used as reference, the ratio values of other 
stages to 10 DAF represents the respective expression level of those stages; while the 
expression level at 10 DAF was set to 1 automatically. Although the expression 
profiles of all the genes have been obtained, it is very difficult to analyze all of them 
in detail. Emphases were lay on the genes related to the synthesis of major storage 
compounds in developing rice seeds and they will be addressed in the next session. 
Nevertheless, it is necessary to obtain a draft picture of the overall expression profile. 
At a glance on the microarray data, mRNA transcripts for a lot of genes cannot be 
detected at 3 DAF but show a dramatic increase of expression during the period from 
3 DAF to 6 DAF, whereas many genes show not much difference between 10 DAF 
and 15 DAF. These phenomena implicate that between 3 and 6 DAF, there is an 
explosion of gene expression in terms of number and expression level. Compared 
among the 5 stages, 6 DAF seems to be the most active one indicating that the 
accumulation of storage compounds may start at 6 DAF. Most genes reveal a 
bell-shape expression pattern peaking at 6 DAF, while those expression patterns of 
later peaking (i.e. MA02p22p, MA02pl7n, see Attached CD) or continuous 
decreasing (i.e. MAOlpOla, MA02p09a, see Attached CD) are rare. It is somewhat 
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out of our expectation. It is probable that the intervals between developmental stages 
are too long so that they conceal the fluctuation of gene expression. Compared with 
rice, Arabidopsis has similar period of seed development, which generally occurs over 
18 to 21 days. In the microarray study of gene expression during Arabidopsis seed 
filling, the focus was laid on the period between 5 and 13 DAF, which was divided 
into 6 stages. Various gene expression patterns were observed. Another possible 
explanation is that at 3 DAF rice seeds are at early formation stage with little activity 
of gene expression while at 20 DAF, it is a stage when the accumulation of storage 
compounds is slowing down or even reaching its end so that the majority of expressed 
genes have completed their physiological roles. 
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3.16 Expression Profiles of Major Storage Compounds in 
Rice Seeds 
The ratios of other developmental stages to 10 DAF for each gene spotted on the array 
were obtained and input into an Excel file along with the gene name and the BLASTX 
scores. Since we are very interested in the developmental expression profiles of genes 
that are related to the synthesis of major storage compounds, namely starch, storage 
protein and lipid, we have grouped these data together according to their categories. 
3.16.1 Expression profiles of storage protein genes 
Rice storage protein genes can be divided into 4 groups including glutelin, prolamin, 
globulin and albumin based on their solubilities. The expression patterns of the 
different groups except albumin (not present in the present EST data set) were 
imported into the same graph for comparison. However, since the raw data were a set 
of ratio values using the 10 DAF expression level as reference which are different for 
each gene, the comparison is only valid for intragenic and not for intergenic. 
Glutelin is the major storage protein in rice grains. The expression patterns of glutelin 
genes on the array were showed in Figure 3-14 A. Some genes showed a very sharp 
peak at 10 DAF and rapid decline at both early and later stages, such as glutelin and 
glutelin type-A III precursor. Most of the glutelins showed a typical belt shape pattern, 
peaking at 10 DAF or 15 DAF, then declines gradually including Glutelin type II 
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precursor, Glutelin precursor and Glutelin type I precursor. Only one gene peaks at 6 
DAF (Glutelin precursor clone 5b-1), while all the others peak at 10 or 15 DAF, 
coinciding with the fact that glutelin accumulates rapidly in the mid and late stages 
during rice seed development (Yamagata et al” 1982). 
The expression of most of the prolamin genes, including prolamin 7, prolamin (Rp5), 
13 kDa prolamin precursor (Rp6) and PROL 17 precursor, increases gradually from 3 
DAF, reaching a peak at 10 DAF then decreases gradually but remains at some level 
at 20 DAF. The expression of the 10 kDa prolamin precursor, however, peaks at 6 
DAF (Figure 3-14 B). these observations are in general agreement with the fact that 
Prolamin is increasingly synthesized especially in the later stages 
Only two globulin genes were present in our EST collection, i.e. the low molecular 
weight globulin and 19 kDa globulin. The former shows a strong tendency of increase 
in expression until reaching the peak at 15 DAF and then declines rapidly. The latter 
shows a lower peak of expression at 10 DAF with declining activity at early and late 
stages (Figure 3-14 C). 
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Figure 3-14. Expression profiles of storage protein genes. The 
expression profiles of different gene families of storage proteins, 
glutelin, prolamin, and globulin in rice seeds are shown in (A), (B), 
and (C), respectively. The relative expression is only for intragenic, 
not intergenic comparison. 
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3.16.2 Expression Profiles of Starch Synthesis Related Genes 
The expression profiles of the starch synthesis related genes obtained in our 
microarray experiments could be grouped into two patterns. The first pattern includes 
the majority of these genes which show a peak activity at 6 DAF and then decline 
towards seed maturation, such as the putative ADP-glucose pyrophosphorylase 
subunit SH2 and SBE3. Some genes have two peak activities at 6 DAF and 15 DAF, 
such as UDP-glucose pyrophosphorylase and sucrose synthase 2. Among this category, 
two other genes are expressed highly and peaked at 6 DAF, then decline very rapidly 
at 10 DAF, and remain very low level till seed maturation. These include 
ADP-glucose pyrophosphorylase small subunit and sucrose synthase (Figure 3-15 B), 
which are very important in starch synthesis (see the previous section). This maybe 
due to that they are the two key enzymes in the starch synthesis pathway; the former 
is responsible for providing carbon source while the latter for providing the direct 
substrate, ADP-glu. They thus have to be expressed earlier than the genes such as the 
putative SSS 111-2，GBSS and SBE-3 which show the second expression pattern 
(Figure 3-15 A), with a broad peak of expression activity covering DAFs 6, 10 and 15 . 
Amylose and amylopectin are continuously synthesized by these enzymes so that they 
have to remain active throughout granule growth. 
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Figure 3-15. Expression profiles of starch synthesis related genes. 
The relative expression is only for intragenic, not intergenic 
comparison. 
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3.16.3 Expression Profiles of Lipid Synthesis Related Genes 
Similar to starch synthesis related genes, genes involved in lipid synthesis also show 
two distinct expression patterns. Most of them display a very high expression peak at 
6 DAF and then a very low one at 15 DAF, including probable 
1 -acyl-glycerol-3-phosphate acyltransferase, putative acyl-CoA-binding protein, 
putative 3-beta hydroxysteroid dehydrogenase/isomerase, 
3-hydroxyisobutyryl-coenzyme A hydrolase, putative phospholipase, putative 
sulfolipid synthase, putative dihydrolipoamide dehydrogenase precursor, putative 
long-chain acyl-CoA synthetase, putative stearoyl-acyl-carrier protein desaturase, 
probable long-chain-fatty-acid-CoA ligase isoform 1 and putative acyl-CoA 
synthetase. Very interestingly, the functional descriptions for all of these genes are 
putative or probable from computational prediction without experiment verification 
except for 3-hydroxyisobutyryl-coenzyme A hydrolase indicating that the lipid 
synthesis pathway in developing rice seeds is far from clarification and more effort of 
investigation is needed. 
The other expression pattern is very similar to the storage protein genes. Most of them 
peak at 10 DAF giving a belt-shape pattern. These genes include acyl carrier protein 
III, phospholipase D alpha 2, putative phospholipase, enoyl-ACP reductase and 
putative enoyl-CoA hydratase. 
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Figure 3-16. Expression profiles of lipid synthesis related 
genes. The relative expression is only for intragenic, but not 
intergenic comparison. 
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3.16.4 General Expression Patterns of Major Storage Compounds 
Most of storage protein genes display a belt-shaped expression pattern in which the 
expression increases rapidly from 3 DAF, peaks strongly at 10 DAF, decreases slowly, 
and remains at low level of expression at 20 DAF. The transcripts of most genes 
related to starch synthesis were found to present at lowest level at the earliest and 
latest stage, but with a peak at 6 DAF, earlier than that of the storage protein genes. 
The general expression pattern for the genes involved in lipid synthesis seems to be 
showing two peaks, with the major one at 6 DAF and the minor one at 15 DAF 
(Figure 3-17). The minor peak is not too significant (less than 2 fold) as compared to 
that of 10 DAF and its significance require further clarification. 
In comparison with the expression profiles of genes encoding storage proteins, starch 
and lipid, it is obvious that starch synthesis initiates early and peaks at 6 DAF and 
continues its activity towards seed maturation though slowly declining so as to 
continuously produce large amount of starch. Although starch is the main form of the 
storage reserves in mature rice seeds, which accounts for 80-90% of dry substances, at 
transcriptional level, however, transcripts of storage proteins are the most abundant. A 
reasonable explanation is that protein products of the majority of those genes related 
to starch synthesis are of enzymatic in nature, catalyzing the intersteps of the 
synthesis pathway with low quantities. The activity of lipid synthesis related genes is 
the lowest among the three, hence only a little amount of lipid is synthesized in rice 
mature seeds. 
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Figure 3-17. General expression patterns of genes involved in the 
synthesis of major storage compounds during rice seed formation. 
The comparison is only for intragenic, not intergeiiic. 
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3.17 Northern Blot Verification of Starch Synthesis Related 
Genes 
Northern blot were carried out to verify the microarray data. Four ESTs were selected 
from the collection for this verification. The functional descriptions for these four 
genes are: GBSS, SBE-3, AGPase small subunit and AGPase large subunit. They were 
selected because of our interest in starch activity of the hybrid rice. Primers were 
designed based on sequences of the EST data. Probes were synthesized using the EST 
as template. Two |ig of quantified total RNA samples for each stage were used. The 
northern blot results for these four genes and the curves representing the expression 
levels of them were shown in Figure 3-18. The GBSS gene showed two bands in the 
Northern blot, 2.3kb and 3.3kb. The latter one is the pre-mature mRNA of GBSS 
containing the intron 1 which was failed to be excised to form the mature transcript 
(Wang et a!.’ 1995a). As shown in figure 3-18, the expression of the GBSS gene is 
triggerred at 3 DAF, reaching its peak at 6 DAF, then decreases very slowing and 
remains relatively high level at later stages. The transcripts of SBE-3 gene also show 
a peak level at 6 DAF and then gradually decreases in the subsequent developing 
stages. The mRNA of AGPase large subunit gene was not detected at the earliest (3 
DAF) stage but its level increases rapidly and peaks 6 and 10 DAF and then declines 
at later developmental stages. On the other hand, the AGPase small subunit gene is 
expressed at a very high level at 6 DAF and then its level decreases rapidly to a very 
low level at 15 DAF. The two subunits of the AGPase thus seem to be regulated 
somewhat differently according to these data. 
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Figure 3-18. Northern blot analyses of representative starch synthesis 
related genes. (A), GBSS; (B), SBE3; (C) large subunit and small subunit of 
AGPase. Two |Lig of each RNA samples and 15-25 ng/ml of probes were 
used. Probes were synthesized from the identified sequences in the phage 
library. 
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3.18 General Discussion 
3.18.1 Cautions when Interpreting the EST Data 
In most cases and within statistical limitation, the EST numbers deriving from the 
same gene in the EST collection can reflect the expression abundance of that gene. 
However, in our case, the library in phage did not satisfy the minimum required titer 
(1x10^ pfu) for a library of good representation, which in turn partially affects its 
credibility for use in interpreting gene expression level. Although the titer of the 
library in E.coli is in good condition, however, during the construction, a fractionation 
step was performed to remove those incomplete and small size cDNAs to enhance the 
average insert size. Therefore, some cDNAs of shorter length would be omitted. On 
the basis of this, we need to be cautious in the analysis and interpretation of the EST 
data from these two libraries. 
3.18.2 Comparison of EST Data Sets of Developing Seeds between 
Arabidopsis and Rice 
Similar to the data set of Arabidopsis, SP, UF and NSH are the three major groups in 
our EST collections (Table 3-11). In spite of the prescreening, there were still a 
considerable number of storage protein gene transcripts in both EST data sets. Similar 
observation was also noticed in the castor seed EST collection and speculated to be 
caused by low efficiency present in the hybridization of probe and short incomplete 
storage protein cDNAs (Van De Loo et al., 1995). Being the model plants of dicot and 
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monocot, both Arabidopsis and rice have attracted much interest in plant research. 
However, there are still a large number of ESTs belonging to the UF and NSH groups 
in these respective data sets, which have not discovered or studied. Arabidopsis has 
been a hot spot of plant research for two decades whereas rice only recently became 
the new star of this field. Therefore, the number of UF of the rice EST set is much 
smaller than that of the Arabidopsis. On the countrary, the Arabidopsis EST data was 
generated in 2000，3 years earlier that the time when the rice one was generated, its 
NSH number is larger because more protein data have been transferred into the NCBI 
non-redundant protein database. Besides, most of these ESTs represent genes with 
low expression level but with very important biological function. More effort should 
be invested in this part to uncover the secrets of these genes. 
The oil content of Arabidopsis seeds is very high, accounting for about 50% of the 
seed dry weight. This content is much higher than that in the rice seeds (only 2 - 4%), 
as reflects by its much higher percentage of ESTs for lipid metabolism. At the same 
time, as expected, the key enzymes involved in starch synthesis have only a few 
transcript copies in the Arabidopsis EST set, i.e. ADP-glucose pyrophosphorylase (8 
ESTs out of 10522), starch branching enzyme, plastidic (2 out of 10522) and starch 
synthase，plastidic (3 out of 10522), which are significantly less than their homologs 
in rice (25 out of 4601，12 out of 4601’ 19 out of 4601, respectively). In these two 
types of seeds with different storage reserves, it is not a coincident that the genes 
responsible for the dominant storage compounds prevail over each other in their 
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expression. Different plant seeds evolved to synthesize and accumulate carbohydrate 
to meet their needs. As a result, they "intelligently" allocate, through regulating gene 
expression, to generate and store their desired products. Sometimes, during 
development, seeds transiently accumulate some kind of carbohydrate for other usage. 
For instance, Arabidopsis seeds synthesize large amount of starch at the early stage 
but later degrade most of them, which was speculated to be used as carbon skeleton in 
the synthesis of lipid because of the simple and easily disassembled structure of starch. 
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Table 3-11. Comparison of EST datasets between Arabidopsis and rice 
developing seeds. EST data of rice were from the two sequenced cDNA 
libaries; EST data of Arabidopsis developing seeds were from White et al.,, 
2000. 
Code Arabidopsis (% of total) Rice (% of total) 
SP 14.4 26.6 
UF 13.5 20.4 
NSH 24.3 15,7 
L 4.7 1.1 
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3.18.3 Comparison of cDNA Library Construction by Two Methods 
We have used two different methods (kits) to construct two cDNA libraries, one in 
phage, the other in E.coli.. The cDNA synthesis for phage library was accomplished 
by a point mutant of murine leukemia virus (MMLV) reverse transcriptase (RT) which 
lacks the RNase H activity and retains the wildtype polymerase activity. The cDNAs 
were inserted into vector A-TripIEx2 after directional enzyme digestion using a very 
rare restriction enzyme Sfi I which recognizes 13 continuous nucleotides. These 
features have been claimed to help synthesize longer cDNA fragments. cDNA of the 
The other library was constructed quite differently from the previous one in that it 
makes use of homologous recombination so as to eliminate the involvement of 
traditional restriction enzyme digestion. It was reported that the recombination 
process was highly efficient, leading to a higher number of primary clones and 
reduction in the number of chimeric clones and size bias compared to the standard 
cDNA library construction methods (Ohara and Temple, 2001). Information of the 
construction and quality of these two libraries are listed in Table 3-12 for comparison. 
Obviously, the library constructed by the method of homologous recombination was 
better than the other one in titering, average insert size and size range. This may be 
due to the efficient recombination reaction and the avoidance of restriction enzyme 
digestion which may cleave the cDNA fragements. Another advantage of the library 
in E.coli. is that it greatly improves the sequencing efficiency and reduce sequencing 
costs. For large scale EST analysis, the library in E.coli. is more suitable because the 
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step of PCR screening can be skipped, giving rise to the higher sequencing efficiency; 
whereas, to analyze ESTs with microarray, the library in phage would be better as 
PCR products of those ESTs are desirable. 
In this study, starting with the same mRNA sample, two libraries were finally 
constructed by two different methods. The classification of ESTs from these two 
libraries showed some variations. There were 5 copies of ESTs encoding for 
trypsin/amylase inhibitor pUP13-like protein in the phage library but 50 copies in the 
E.coli. library. Further analysis revealed that the coding sequences of trypsin/amylase 
inhibitor pUP13-like protein only contain 477 bp. Most of them would have been 
screened off at the PCR step in the phage library because of the small size. That may 
be the reason why the numbers of ESTs for this protein between these two cDNA 
libraries varied so greatly. Also, the percentage of category AL (Alergenic Protein) 
differs greatly between these two libraries because of the same reason. 
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Table 3-12. Information on the two cDNA libraries constructed by different 
methods. Recombination rate is the percentage of clones with cDNA inserts to 
total clones tested. Positive rate of hybridization is the percentage of clones 
showing positive signal in prescreening of the total spread clones. N/A, for the 
library constructed in E.coli., plasmids were extracted from subculture cells and 
then directly subject to sequencing analysis without PGR test because of the high 
recombination rate. 
Items Library in phage Library in E.coli. 
Starting materials 1 |ig mRNA 5 jig mRNA 
Titer (unamplified) 2.3x10^ pfu 5.61 xlO^ cfu 
Recombination rate 80% 91.7% 
Average insert size 800 bp 1 • 1 kb 
Size range 500-1600 bp 200-2000 bp 
Positive rate of 46 70/^  (353/755) 52% (276/530) 
hybridization 
Clones picked 11,520 3,435 
PCR products selected for 
sequencing (one band >= 5,082 N/A 
5Q0bp) 
Samples successfully 4,601 (39.9%) with high 2,625 (76.4%) with high 
sequenced quality segement >250 bp quality segement >200 bp 
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3.18.4 Comparison of Different Normalization Methods 
Microarray may be the most successful tool in functional genomics research in terms 
of its ability to access the expression of thousands of genes in a single hybridization 
simutaneously. However, it does not measure the gene expression directly, but 
indirectly by monitoring the fluorescence intensities of the labeled cDNA. The 
calculated ratio of signal intensities ideally should indicate the relative expression 
level of the tester and reference cDNA samples. Unfortunately, in most cases, the 
experimental biases inevitably existing in the microarray experiments may alter the 
level of gene expression. Therefore, the microarray data have to be adjusted for those 
differences generally existing in dye labeling, fluorescence field, scanning 
amplification and so on. This process of normalization plays a very important role in 
the microarray data analyses (Futschik and Crompton, 2004). 
Background intensity is one of the undesirable systematic variations commonly 
observed. Substraction of background intensity was generally perfomed as the first 
normalization step. In this study, we used the Corning GAPS II Coated slides as 
substrate to reduce background intensity. This kind of slides has a uniform, covalently 
bound coating of pure Gamma Amino Propyl Silane which gives a high quality and 
uniform surface for DNA immobilization. 
Dye difference is a well-known experimental bias generated from the use of two 
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different dyes. Assuming the total fluorescence intensities for both dyes are the same, 
a global linear normalization model was developed. According to this assumption, a 
normalization factor can be derived and used to adjust the fluorescence intensities of 
both channels. 
The normalization function of QuanArray was also designed based on the same linear 
model principle. Normalizing to total requests the tester and reference cDNAs have 
the same total expression levels in spite of some variations from individual genes, but 
disappointingly, as proved, different stages of the developing rice seeds may have 
different total expression level. Consequently, this method is not appropriate for our 
case. Normalizing to an internal control is the preferred normalization method 
because of the steady performance in many microarray experiments. We chose an 
actin gene from our EST collection as the internal control in our experiments. 
Regrettably, northern blot analysis of this gene indicated inconsistent expression level 
during the 5 developing stages. Especially at 3 DAF, the actin was almost not detected. 
Although external RNA controls are apt to cause errors due to their impurity and the 
integrity problems of the actual RNA samples (Girke et al., 2000), it seems to be the 
best choice of normalization method compared to the previous ones. The quality test 
of the external control Amp' gene and the normalized microarry data have also shown 
the feasibility of the use of external control for normalization. 
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3.18.5 Comparison between Microarray and Northern Data 
We did a few northern blot analyses on selected genes related to starch synthesis. The 
aim is to confirm the validity of our microarray data. Since microarray data only give 
the relative expression level indirectly by dye ratios, we can only compare the 
expression patterns generated by the microarray and the Northern blot while ignoring 
the absolute expression level. 
In general, among these four genes selected for analysis, SBE-3 and GBSS showed 
very similar expression patterns between the microarray and Northern blot data. But 
for the AGPase small subunit and large subunit, the expression level at 6 DAF seemed 
to be much higher in the microarray than in the Northern blot data. These variations 
may come from the global linear model used in the normalization step. Recent 
research reported that this model was not applicable to some microarray experiments 
with nonlinear dependence of spot intensities and fluorescence ratios (Yang et al., 
2002; Kepler et al., 2002). If possible, it would be highly desirable better to have 
biological repeats of our microarray hybridization and scatter plot to verify our 
normalization. But due to time limit of my study period and the availability of 
materials, we could only do the northen blot analyses. 
In general, northern blot data should be more credible than the microarray data 
because earlier researches had found that microarray is not able to identify some 
family genes with high homology. Therefore, although microarray is a powerful tool 
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for large scale and simultaneous analysis of transcriptome, this comparison addresses 
the credibility of those data generated from microarray and the importance of using 
traditional Northern blot analysis in the confirmation. 
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Chapter 4 Conclusion 
We have generated a new set of ESTs for the developing super hybrid rice seeds, 
including 4,601 from a library in phage, and 2,625 from a library in E.colL. 
Functional grouping and mapping onto rice genome of these ESTs have been 
performed. The most abundant groups of the EST collections were identified to be the 
NSH, UF and SP, in spite of the prescreening with probes for storage protein genes. 
Comparison of the data set to public rice EST database showed that 938 ESTs from 
the phage library and 542 from the E.coli library in our collection represent novel 
seed expressed ESTs. PHRAP analysis of the ESTs from the phage library indicated 
that this EST set is derived from 2,351 unique genes. The storage protein genes 
especially some of the prolamin and glutelin subfamily genes were highly abundant. 
By analyzing the copy number of ESTs encoding the enzymes in the four metabolic 
pathways, we identified two carbon flows during rice seed development: the major 
one reflects the synthetic pathway of starch which is the main storage compound in 
mature rice seeds while the minor one mainly involves with glycolysis in the cytocol 
and the lipid synthesis in the plastid. Some of these concluding remarks were based 
on analysis results from a series of bioinformatics tools which may have to be revised 
when better versions become available. 
A total of 2,351 ESTs representing 2,351 genes were selected and analyzed at the 
transcriptional level by microarray. In this study, a new data set of the expression 
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patterns of these genes from early seed formation to maturation was obtained with 
emphases on genes related to major storage compounds. Several expression patterns 
have emerged from these data. Most of the genes reveal a belt-shape expression 
pattern with a peak at 6 DAF. Some of them peak at 10 DAF, while a few at 15 DAF. 
Expression patterns with late increase and continuous decreasing in level rarely show 
up. The overall patterns of the genes involved in the synthesis of major storage 
compounds including starch, storage protein and lipid were drawn based on the 
common expression patterns of the majority of genes in the same group. Although 
these patterns show similarly in the shape due to the large interval between the two 
stages, they differ in peak height, developmental stage and possibly peak number. In 
general, those genes related to storage proteins shows a typical belt-shape curve with 
a strong peak at mid maturation stage (10 DAF) whereas genes related to starch 
sythesis shows early activity, peaks at 6 DAF but with continuous synthesis activity 
towards seed maturation. The expression patterns of a few selected genes related to 
starch synthesis have been confirmed by Northern blot analysis and their patterns are 
in general agreement with the microarray data. Genes related to lipid synthesis shows 
a similar overall pattern as that of the starch synthesis, but with a two-peak expression 
pattern, a major one at 6 DAF and a minor one at 15 DAF. 
Although a general pattern for each major storage compound can be concluded, but 
some genes involved in the synthesis pathways of these reserves may show variations. 
However, the overall timing of expression of the majority of genes involved in the 
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same pathways shows similar expression pattern suggesting that they are coordinated 
in expression, controlling the synthesis of major reserves during super hybrid rice 
seed development. 
Expression patterns of other genes on the array have also been examined in our 
microarray analysis. Due to time limitation and the scope of this thesis research, we 
were not able to analyze them one by one in detail, nevertheless they serve as an 
invaluable data platform along with data from other sources for further understanding 
of the molecular events occuring during hybrid rice seed formation. 
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Secondly, the expression patterns of the majority of genes displayed a belt-shape 
curve. As analyzed before, this phenomenon may be caused by the large intervals 
between developmental stages which sidestep the fluctuations of expression level 
during rice seed development. To obtain a more detailed and accurate expression 
profile, a further fractionized rice seed developmental period is required. The greatest 
variation of expression level may exist between 5 and 15 DAF. This period could be 
the focus in future analysis. 
Finally, the microarrays containing more than 2,000 genes should not be limited for 
their use in gene expression profling. Much more can be done with this technical 
platform，i.e. identifying genes specifically expressed in the parental lines of super 
hybrid rice by comparing the RNA samples from its parents; monitoring differential 
gene expression in regular rice w hybrid rice; non-transgenic w transgenic rice; and 
other comparisons. 
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